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Energy Intensity in the Context of Energy-Growth Nexus considering growth and energy 
consumption volatility A multicounty Perspective 
 
Gulasekaran Rajaguru and Safdar Khan 
Bond University, Gold Coast, Australia -4229 
Abstract 
This study investigates energy growth nexus with a focus on recent trends in falling energy intensity 
across the world.   The Yamamoto -Kurozumi technique within a cointegration framework  is used to  
examine both long and short run causal relationships between energy intensity, income and the 
volatilities of income and energy consumption for 48 countries for the period from 1960 to 2015. The 
long run estimates show  that the income elasticity  of energy consumption is significantly less than 
one for most of the countries included in the sample.  These results reconcile with the phenomenon of 
falling energy intensity in these countries.  This implies that increasing income has significantly 
reduced energy consumption for more than two decades for those countries where significant long run 
causality has been observed.  The other unique findings are the roles of income and energy 
consumption volatilities on income and energy consumption. The evidence from many countries 
reveals that increases in income volatility increases the volatility of energy consumption and further 
significantly reduces the energy use. In addition, the short run dynamic relationships between energy 
consumption and income have been observed for almost all countries with no long run significant 
causality. The rest of findings corresponding to growth, conservation, feedback and neutrality 
hypotheses of income and energy consumption are in line with the previous literature. Finally, this 
study sheds light on energy conservation policies related to the efficient use of energy.    
Key words: Energy Consumption; Energy Intensity; Economic Growth; Yamamoto -Kurozumi 
framework; long run causality; income and energy volatility  
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1. Introduction 
This paper sheds light on decreasing trends in energy intensity in the context of an energy-
growth nexus by controlling for volatility in income and energy use.1 Falling energy intensity is 
thought to be the consequence of increasing energy efficiency due to more efficient production 
methods which have evolved over the long period of time. Thus, less energy use with higher GDP 
appears a great achievement in recent times. A number of studies have investigated the causal 
relationship between energy use and GDP growth over the last few decades across several 
countries. Some studies find the Granger causality running from GDP growth to energy use, 
others observe opposite, many discover a feedback effect and many others explore no 
relationship. Accordingly, they highlight the direction and significance of causality between 
energy consumption and GDP growth. A step forward, this study attempts to investigate falling 
trends of energy intensity through the notion of existing energy growth nexus.  Further this 
study aims to investigate the roles of income volatility and energy consumption volatility on the 
causal relationship between income and energy use —a new dimension to explain the energy-
growth nexus.  
Figure 1 shows  the declining trend in energy intensity across the world over the past two 
decades.  In other words, energy efficiency has been increasing during this period. The energy 
intensity across the world has decreased by an average of 1.58 % per annum from 1990 to 2016.  
This has been led by BRICS (-2.75 %), CIS (-1.83 %), the European Union (-1.78 %), the Pacific (-
1.79%), North America (-1.77%), Asia (-1.76%), G7 (-1.51%), and OECD (-1.46%) countries. 2  The 
above declining trends of energy intensity reveal that the energy use has decreased relative to per 
                                                            
1 Energy intensity is the energy consumption per unit of GDP. The high energy intensity refers to high 
price/cost of converting energy into GDP and lower energy intensity indicates lower price/cost of converting 
energy into GDP. 
2 However, the region of Middle-East shows persistent growth (1.00 %) growth of energy intensity for this 
duration.  
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capita production levels—consequently lowering the possible adverse environmental impacts of 
energy use and costs of production.  Further, falling energy intensity is thought to be the 
consequence of increasing energy efficiency due to the use of more efficient production methods. 
Therefore, less energy use with higher GDP appears to be a great achievement in recent times. 
According to the estimates of IEA (2017), overall energy efficiency has increased by 13 percent which 
has consequently saved 12 percent of worldwide energy use. Rühl et al. (2012) narrates that the 
factors including technology, resource endowments, and Economic system has helped to reduce 
energy intensity through improvements in conversions and end use efficiency—this is inferred  as an 
unconventional revolution in environmental impacts to the world.3   
Following the world’s trends of energy intensity, Figure 2 also shows the declining trend in energy 
intensity with diverging income per capita for all 48 countries included in this empirical analysis. 
                                                            
3 For example, resource endowments—greater domestic resource availability might have pushed prices 
downward. Regarding economic system, countries which industrialised under central planning tend to exhibit 
very high energy intensity, first because resource allocation is not governed by price signals, but also because 
there is an ideological bias toward heavy industry, and administrative enforcement of this bias is unchecked by 
market mechanisms such as prices or competition (Urge-Vorsatz et al., 2006). 
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Figure 1: Energy intensity across the globe (1990-2016) 
Notes: Energy intensity of GDP at constant purchasing power parities (koe/$2005p). This figure includes trends from all 
regions  including OECD, G7, Europe, European Union, America, North America, Latin America, Asia, PAcific, Africa, 
Middle East, BRICS and CIS countries. 
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 In general, the literature has frequently investigated four common causal dimensions of the energy-
growth relationship. These are: income causes energy consumption, energy consumption causes 
incomes, bidirectional causality and  neutral relationship.4 Although the current literature on this 
topic explains the overall long term relationship between income and energy consumption, the 
nature (positive or negative) of interconnectedness between energy consumption and income has 
been ignored. For example, there is no explanation available on the negative causal effects from 
income to energy consumption—a strong indications of falling energy intensity. Recently, Agovino, 
Bartoletto & Garofalo (2018) for European countries and Shahbaz et al., (2018) for top ten energy-
consuming  countries have partially discussed negative causality of income to energy consumption as 
an outcome of falling energy intensity. Likewise Guo (2018), in the case of China, estimates long term 
coefficients of energy use to income for two subsamples of data, namely 1978 to 1991 and 1992 to 
1999. Guo (2018) finds that coefficients of energy consumption for the first and second subsample 
periods are greater than 1 and less than 1 respectively. This indicates that the energy intensity has 
increased from 1978 to 1991 while it decreased during the subsequent periods.  
This also helps to mitigate the problem of misleading signs in the long term analysis, which 
has been ignored in the previous literature on this topic.  
                                                            
4 For example see for further details; Ebohon, 1996; Templet, 1999; Apergis and Payne, 2009a, Apergis and 
Payne, 2009b; Karanfil, 2009; Ozturk, 2010; Apergis and Payne, 2009a; Apergis and Payne, 2009b; Jalil and 
Feridun, 2014; Squalli, 2007; Yu and Choi, 1985;  
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As appears from Figure 2 (Panel A & B) energy intensity followed by income have shown  a 
pattern of fluctuations.  Therefore, it is relevant to analyse the volatile nature of the per capita 
income and its impact on energy consumption. we aim to analyse the dynamic relationship between 
income and energy consumption volatilities and its effect on both income and energy consumption. 
The causal relationship between economic growth and income volatility has generated more interest 
in the existing growth literature. Though Lucas (1987) suggests the growth and business cycle 
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Figure 2: Energy Intensity and Per Capita GDP (1971-2014 
Panel A:Energy Intensity (1970-2014)
Energy inetsity for all 49 
countries included in the 
sample for time period of 
1971-14.
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Panel B: Per Capita GDP (1971-2014)
Per Capita GDP for all 49 countries included in the sample for time period 
of 1971-14.
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volatility are unrelated, a number of theoretical models demonstrate that growth is negatively 
influenced by income volatility (Aizenman and Marion (1993), Bernake (1983), Pindyck (1993) and 
Hnatkovska and Loayza (2004)). On the other hand,  Black (1987) and Mirman (1971) show income 
volatility positively affects growth. This is controversial because the direction of causality is 
influenced by a large number of factors including financial, economic and the institutional 
development of the economy. For instance, the  higher volatility in income increases the option 
value of waiting on investment which may depress economic growth. On the other hand, the 
positive effect can occur because households want to consume more today to hedge against the 
higher volatility (uncertainty) of the future, raising growth (Huang, et. al. (2015). likewise, the effect 
of income volatility on consumption and consumption inequality is analysed through intertemporal 
settings in Blundell and Preston (1998). Carmona et al. (2017) using USA data finds that energy 
cycles cause economic growth cycles and movement in energy consumption are largely permanent. 
Further, the overall evidence suggests a bi-directional causality between energy consumption and 
growth. Though there are few studies on the relationship between income volatility and growth, 
none appear to explore the role of income volatility on energy consumption. In addition to the 
analysis of falling energy trends, the empirical set up adopted in this study will help to explore the 
new dimension of energy-growth nexus in connection with the roles of volatility (in income and 
energy consumption), which has been ignored in the previous literature 
This study contributes to the literature on energy-growth nexus in three folds. First, we 
estimate income elasticity of energy consumption within a cointegration framework to explain the 
phenomenon of falling energy intensity in the standard form of the energy-growth nexus. Second, 
we construct income and energy consumption volatilities to investigate the interconnectedness 
between them as well as their effects on both income and energy consumption. The time varying 
volatilities for both income and energy consumption are constructed by estimating Exponential 
Generalised Conditional Heteroscedasticity (EGARCH) models for each country. The EGARCH model 
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is chosen to ensure that the estimated time varying variances are non-negative over the sample 
period.  Third, we use the Yamomoto and Kurozumi (2006) procedure within a cointegration 
framework in our empirical analysis to examine both long and short run causal relationships 
between income, energy consumption and their volatilities. The Yamomoto and Kurozumi 
proceedure has several advantages over the earlier techniques that have been used to examine 
energy-growth nexus.  In addition, we use the sign rule proposed by Rajaguru and Abeysinghe (2008) 
to identify the genuine long run relationships between the variables of interest.  Further we use a 
relatively large sample of 48 countries, as in Jalil (2004), to represent the  variety of classifications 
including OECD, net energy importing, net energy exporting countries, developing and developed 
countries. The diversification of countries helps us to observe the validity of results in various 
settings.  Finally, this study aims to generate a debate on the existing energy-growth nexus in the 
light of falling energy intensity, and the dynamic role of volatility in income and energy consumption. 
The findings of this study should provide important insights in the current use of energy to sustain 
growth in the long run.  
Rest of the paper is organised as follows. Important insights from the available literature are 
presented in section 2. Section 3 provides discussion on data and descriptive evidence followed by 
empirical methodology in Section 4. Next, results and analysis are presented in Section 5. Finally, 
Section 6 presents concluding remarks along with important policy implications.   
2. Literature Review 
Tiba and Omri (2017) present an extensive review of literature on energy consumption-
growth nexus from more than 180 studies from 1978 to 2014. The findings from these studies are 
based on either country specific or multicounty settings. The country specific studies offer a range of 
conclusions by utilising  variety of methods and durations. Inherent to the energy-growth nexus, we 
segregate all  empirical findings into four dimensions of  hypotheses namely growth hypothesis 
(causality from energy use to GDP), conservation hypothesis (causality from GDP to energy 
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consumption), feedback hypothesis (bi-directional causality between energy use and GDP) and no 
relationship.  
The unidirectional causality running from energy consumption to GDP or vice versa generate 
great interest to policy makers and provides guidelines to utilise energy inputs to achieve sustainable 
growth. If the energy use is growth driven, then policy makers may require cautious energy 
conservation policies to monitor the environmental consequences of economic growth and 
development. In contrast if the growth is led by energy use then the productivity of energy input 
becomes a major concern. In case of lower productivity there remains an issue of environmental 
degradation and pressure on the balance of payments of net energy importing countries. Chang 
(2010), Wang et al. (2011), and Shahbaz et al. (2013) among others find energy consumption led 
GDP for the case of  China5. Likewise, Ang (2007), Ho and Siu (2007), Paul and Bhattacharya (2004), 
Aqeel and Butt (2001), Wolde-Rufael (2004), Lee and Chang (2005), Odhiambo (2009) and Soytas et 
al. (2001) find evidence in support of growth hypothesis for France, Hong Kong, India, Pakistan, 
Shanghai, Taiwan, Tanzania and Turkey6. Similarly,  Stern (1993, 2000) and Bowden and Payne 
(2009) find energy consumption increases income for the case of USA.7 In the same vein, the role of 
energy consumption on GDP is found in Hossein et al. (2012) and Damette and Seghir (2013) for 12 
OPEC member countries and for 12 oil-exporting countries respectively find that energy 
consumption leads increasing GDP.8   
                                                            
5 They cover sample period of 1981-2006, 1972-2006 and 1971-2011 respectively.  
6 They have used sample period of 1960-2000, 1966-2002, 1950-1996, 1955-1996, 1952-1999, 1954-2003, 
1971-2006 and 1960-1995 respectively.  
7 For the time periods of 1947-1990, 1948-1994 and 1949-2006 respectively.  
8 Several other multi-country studies have observed a significant long-term relationship from energy 
consumption to income. In particular they are Yu and Choi (1985), Erol and Yu (1987), Masih and Masih (1997), 
Asafu-Adjaye (2000), Fatai et al. (2004), Wolde-Rufael (2005), Soytas and Sari (2006), Chen et al.(2007), Squalli 
(2007), Ciarreta and Zarraga (), Lee and Chang(2008), Odhiambo (2010), Lau et al. (2011), Bozoklu and Yilanci 
(2013), Pao et al. (2014) and Yildirim et al. (2014). Above literature  covers almost all types of existing 
classifications of countries including industrialised countries, African countries, G-7 countries, Asian countries, 
OPEC countries, European countries, OECD countries, MIST countries among many other combinations of 
individual countries. They have employed a variety of estimation methods including Granger causality test, Co-
integration, VEC, variance decomposition, VECM methodology, Toda-Yamamoto procedure, generalized 
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Interestingly many studies find evidence from many countries in support of the conservation 
hypothesis, implying that increasing income drives demand for energy use. For example, they 
include China (Shiu and Lam 2004, and Zhang and Cheng 2009), India (Cheng 1999, Ghosh 2002 and 
Ghosh 2009), Iran (Zamani 2007 andLotfalipour et al. 2010), Pakistan (Jamil and Ahmad 2010 and 
Shahbaz and Feridun 2012), Taiwan (Cheng and Lai 1997 and Hu and Lin 2008), Turkey (Halicioglu 
2007, Lise and Montfort 2007 and Ocal and Aslan 2013) and United States (Kraft and Kraft 1978, 
Abosedra and Baghestani 1989, Ewing et al. 2007 and Sari et al. 2008),  Australia (Narayan and 
Smyth 2005), Bangladesh (Marathe 2007), Indonesia (Yoo and Kim 2006), Japan (Cheng 1998), 
Malaysia (Ang 2008), New Zealand (Bartleet and Gounder 2010), and Switzerland (Baranzini et al. 
2013). On the same token , many have observed similar results from multicountry or a panel of 
several countries. 9 Moreover we also find number of studies with a mixed evidence in favour of 
conservation hypothesis. 10   
 
Regarding the feedback hypothesis many attempts have been made in terms of country 
studies and or panel studies. A large number of studies find similar results validating the 
                                                            
variance decompositions, Panel cointegration, GMM, Panel causality, FMOLS, Panel cointegration techniques 
and Bootstrapped Autoregressive Metric Causality Approach. They find however a mixed evidence—
conforming a partial validity of hypothesis—energy consumption leads economic growth.   
9 For example, Al-Iriani (2006) finds from a panel of 6 countries (GCC) that increasing income influences energy 
consumption in the same direction. Similarly, Mehrara (2007) observes the validity of conservation hypothesis 
for 11 oil exporting countries. Huang et al. (2008) investigates conservation hypothesis for a group of 82 
countries and finds that increasing income causes to increase energy consumption. On the similar lines, Chang 
et al. (2009) witnesses a long term positive relationship between income and energy consumption for a group 
of G7 countries. Fuinhas and Marques (2012) also find evidence in support of energy conservation hypothesis 
for a group of 5 countries. 
10 This is from multicounty studies which find evidence in support of conservation hypothesis from some 
countries but not for others. For example many studies including Murray and Nan (1996) for a group 15 
countries, Soytas and Sari (2003) for G-7 countries, Lee (2006) from 11 major industrialised countries, Wolde-
Rufael (2006) from 17 African countries, Yoo (2006) from 4 countries, Lee and Chang (2007) for 22 Developed 
countries and 18 Developing Countries, Zachariadis (2007) for G−7 countries, Chiou-Wei et al. (2008) for 8 
countries, Ozturk et al. (2010) for 51 countries, Lee and Chiu (2011) for 6 highly industrialized countries, and 
Ouedraogo (2013) for 15 African countries, find mixed results around conservation and growth hypotheses of 
income and energy consumption.    
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bidirectional causality between energy consumption and income.11The neutrality hypothesis is also 
supported by various studies.12  
 
The literature above highlights the causal linkages  between energy use and income growth across 
the world. However, the literature does not address the issues of falling energy intensity and its 
relevance in the energy-growth nexus over the period of time. Further, the role of volatility 
(uncertainty) of income and energy consumption has been neglected  in the energy-growth 
literature. Moreover, the lead-lag relationship between the volatility measures for both income and 
energy consumption will add new insight to the literature on energy-growth nexus. This study aims 
to meet the above obvious gaps in the literature. Further many studies have indicated  that temporal 
                                                            
11 The country specific studies are, Ahmad and Islam 2011 for Bangladesh, Alam et al. (2012) for China Wang 
et al. (2011), Zhixin and Xin (2011), Hondroyiannis et al. (2002) and Tsani (2010) for Greece, Tang (2014) and 
Tang (2009) for Malaysia, Shahbaz et al. (2012) and Shahbaz and Lean (2012) for Pakistan, Odhiambo (2009) 
and Ziramba (2009) for South Africa, Glasure (2002), Oh and Lee (2004) and Yoo (2005), Taiwan Hwang and 
Gum (1991) and Yang (2000) for South Korea, Erdal et al. (2008) and Acaravci (2010) for Turkey. We find 
similar results in Lorde et al. (2010) for Barbados, Pao and Fu (2013) for Brazil, Kouakou (2011) for Cote 
d’Ivoire, Zachariadis and Pashouortidou (2007) for Cyprus, Mandal and Madheswaran (2010) India, Shahbaz et 
al. (2013) for Indonesia, Dagher and Yacoubian (2012) for Lebanon, Jumbe (2004) for Malawi, Shahbaz et al. 
(2011) for Portugal, Zhang (2011) for Russia, Belloumi (2009) for Tunisia and Fallahi (2011) for United States. 
With reference to the multicountry or panel studies, we find overwhelming evidence in facvor of the feedback 
hypothesis. Among those are Nachane et al. (1988) (for 16 countries), Ebohon (1996) (from a group of two 
countries), Glasure and Lee[91] (for south korea and Singapore), Lee et al. (2008) (for a group of 22 OECD 
countries, Narayan and Smyth(2009) (for 6 MENA countries), Wolde-Rufael (2009) (for Algeria, Benin, South 
Africa), Apergis and Payne[24] (for 20 OECD countries), Apergis and Payne (2010) (13 Eurasian countries), 
Belke et al. (2011) (25 OECD countries), Eggoh et al.(2011) (21 African countries), Fuinhas and Marques 
(2011) (5 Eurasian countries), Lau et al. (2011) (17 Asian countries), Tiwari (2011) (16 European and Eurasian 
countries), Apergis and Payne (2012a) (6 Central American countries), Apergis and Payne (2012b) (80 
countries), Mohammadi and Parvaresh (2009) (14 oil-exporting countries) 
 
12 In particular, Ghali and El-Sakka (2004) for Canada, Fatai et al. (2002) for New Zealand, Wolde-Rufael (2012) 
for Taiwan, Altinay and Karagol (2004), Jobert and Karanfil (2007), Soytas and Sari (2009), Ozturk and Acaravci 
(2010) for Turkey and Yu and Hwang (1984), Yu and Jin (1992), Cheng (1995), Soytas et al.(2007), Payne (2009), 
Menyah and Wolde-Rufael (2010), Payne and Taylor (2010), and Yildirim et al. (2012) for United States find no 
significant causal relationship between energy consumption and income in their individual country analysis. 
Likewise, many other panel studies also fail to observe any significant relationship between income and energy 
consumption (including electricity, nuclear or renewable energy consumption). These are in particular Cheng 
(1997) for a group of Mexico, Brazil and Venezuela, Glasure and Lee (1998) in case of South Korea and 
Singapore, Asafu-Adjaye (2000) for Indonesia and Philippines, Nazlioglu et al. (2011) for 14 OECD countries, 
Menegak (2011) for 27 European countries, Yildirim and Aslan(2012) for 17 OECD countries, Ben Aïssa et al., 
(2013) for 11 African countries and Śmiech and Papież (2014) for 25 European Union member states) which 
find no causal relationship. 
11 
 
 
aggregation and systematic sampling may distort the dynamic relations  and causal inferences made 
in low frequency data (Geweke 1978; Rajaguru 2004; Rajaguru and Abeysinghe 2008; Rajaguru, et. 
al. 2018). Therefore the causal inferences of energy-growth nexus based on low-frequency data such 
as annual observations used in the previous studies could be misleading.  Rajaguru and Abeysinghe 
(2008) demonstrate that while temporal aggregations alter the short run dynamics, long-run 
cointegrating relationships are still preserved. We use the sign rule proposed by Rajaguru and 
Abeysinghe (2008) to identify the genuine long run relationships between energy use and income 
through energy and income volatilities.    Further to avoid degeneration of the variance covariance 
matrix of the estimator in the long-run, we utilize the Yamamoto-Kurozumi (2006) technique to test 
for significance of long-run Granger causality. The main advantage of this method is the ability to 
identify the long and short run Granger causality separately.  
  
3. Data and Methodology 
3.1. Data 
As in Jalil (2014) we use a sample of 48 net energy importing and exporting countries along with 
other given classifications of countries across the world. 13 The net importer/exporter countries are 
identified based on their energy balances (energy use minus production—measured in terms of oil 
equivalents). The countries included in sample may also be classified as developing (28) and 
developed (20) countries or grouped into OECD (23) and non-OECD countries (25).  
The annual data on gross domestic product (GDP), population and energy use for the period 
from 1970 to 2017 are extracted from World Development Indicators (2017) . Energy use refers to 
                                                            
13 See Appendix Table 1 for the details of countries along with various classifications  such as net energy 
importing, exporting, OECD, NON-OECD, developing or developed countries. The classification of countries into 
net importers and exporters are consistent with International Energy Agency (2014). 
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the use of primary energy before transformation to other end-use fuels, which is equal to indigenous 
production plus imports and stock changes, minus exports and fuels supplied to ships and aircraft 
engaged in international transport. Gross domestic product (GDP) is converted to 2011 constant US 
dollars using purchasing power parity rates—as reflected in the source. We derive energy 
consumption volatility and income volatility from energy use and GDP, respectively.  
The volatility measures for both income and energy consumptions are constructed by estimating the 
generalised autoregressive conditional heteroskedasticity (GARCH) models. We estimate the 
following exponential autoregressive conditional heteroskedasticity (EGARCH) model for income and 
energy consumption to ensure that the estimated variances are non-negative: 
1 1
' ' '
0
1 1 1
ln( ) ' ln( )
p q
t i t i t i t j
i j
p p q
t i t i
t i i j t j
i i jt i t i
y y
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− −
= =
− −
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Where 1var( / )t t th ε −= Ω , 1t−Ω  is the information set up to time t-1.  Here yt represents  income and 
energy consumption. If the variables (yt) are non-stationary14, then the first difference of the variables 
is used to estimate the EGARCH models. The lag lengths in both mean and variance equations are 
determined by the Schwarz Bayesian criterion (SBC). We further conduct unit root tests on the 
extracted variances to construct an appropriate model in the subsequent analysis.  
 
3.2. Unit roots.  
We first conduct unit root tests to analyse the time series properties of the data to avoid spurious 
results generated by unbounded variances of parameter estimates in the presence of unit roots. We 
                                                            
14 The unit root tests to examine the stationary properties of all variables of interest are discussed in section 
3.2. 
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apply Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and KPSS unit root tests on income, 
energy consumption, income volatility and energy consumption volatility. The null hypothesis for the 
ADF and PP is the alternative hypothesis for the KPSS.  That is, the former (ADF and PP) are derived 
under the null hypothesis of unit roots while the latter (KPSS) is obtained under the stationary null 
hypothesis. Moreover, the traditional unit root tests could yield misleading results in the presence of 
structural breaks. To overcome this problem, we further use the technique developed by Carrion-i-
Silvestre, Kim and Perron (2009) to examine the unit root properties of data in the presence of 
structural breaks. The proposed technique allows testing  unit roots in the presence of multiple 
structural breaks.    
 
The unit root test results for income and energy consumption are reported in appendix tables 1a and 
1b respectively. Results show income (RGDPPC) and energy consumptions (ECPC) are non-stationary 
at the five per cent level of significance. The non-rejection of the unit root hypothesis further leads 
testing for the second unit root, i.e., a unit root in first differences.  The test results in first differences 
confirm that both income and energy consumption are integrated of order one, I(1).  Further, the 
model specification for the volatility equations of income and energy consumptions are reported in 
appendix  tables 1c and 1d respectively. The results show the volatility measures  for both income and 
energy consumption are stationary, I(0).  The results based on the stationary alternative (ADF and PP) 
and non-stationary alternative (KPSS)  are robust and the results are unaffected by the weak power of 
standard unit root test procedures. 
3.4 Co-integration.  
We test for co-integration to explore dynamic relationship among income, energy use, income 
volatility and energy use volatility. Since the income and energy consumptions are integrated 
processes of order one, i.e., I(1),  and the income volatility (INVOL) and energy consumption 
14 
 
 
volatility (EVOL) are I(0), the linear combination of income and energy consumption may exhibit a 
long-run relationship.  Given that both volatility measures are I(0), we would expect at least two 
cointegrating vectors representing these two stationary variables. If the number of co-integrating 
vectors are equal to two then these four variables do not exhibit long run retaliations between 
themselves as these two cointegrating vectors are due to the stationary variables of income volatility 
and energy use volatility. On the other hand, the long-run relationship between these four variables 
are established when the number of cointegrating vector is exactly equal to three. We use Johansen 
and Juselius (1990) method to test multivariate co-integration relationships among the variables.  
We then couple with the test procedure developed by Yamamoto and Kurozumi (2006) to examine 
the long-run Granger non-causality between the variables. The above procedure requires estimating 
the n-variate, pth-order Gaussian vector autoregression (VAR) process  
∑ ∑
= =
−− =+Θ+Φ+Π+=
p
i
t
k
i
titiitit TtDwzz
1 1
,...,2,1  , εµ ,   (1) 
where µ  is a vector of constants, = ( , , , )t t t t tz RGDPPC ECPC INVOL EVOL  and tε  is a normally and 
independently distributed n-dimensional vector (in our case, n = 4) of innovations with a zero mean, 
non-singular covariance matrix 
εε
Σ .  The optimal lag length p is determined through the Schwartz 
criteria. The vectors tz  and tw  are composed of endogenous and exogenous variables, respectively.  
However, tw  is a null vector because all variables are treated endogenous.  tD  is an intercept dummy 
which is determined through breakpoint unit root test. 
Since RGDPPC and ECPC are I(1) and INVOL and EVOL are I(0) it is convenient to rewrite equation (1) 
in the following vector error correction (VEC) form: 
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∑ ,  (2)   
          
where tε  has covariance matrix Σ .  The long-run n×n matrix is 'αβ=Π  and determines how many 
independent linear combinations of the elements of tz  are stationary.  Here α  and β  are rn ×  
matrices of rank r.  In particular, the rank of this matrix gives the number of independent co-
integrating vectors.  The rank (0 < r < n) can be formally tested using both the trace test and the 
maximum Eigen value test. 
The trace test (i.e., the traceλ  statistic) tests the null hypothesis that qrHo =:  against the alternative  
r > q and is given by 
4
1
( ) ln(1 ),trace i
i q
q Tλ λ
= +
= − −∑         (3) 
where the si 'λ  are the Eigen values of ,Π  such that 1 2 3 4.λ λ λ λ> > >   The traceλ  statistic 
sequentially tests the null hypothesis that the number of co-integrating vectors is at most q against 
the alternative that the number of co-integrating vectors is more than q, where 1,2,3,4.q =  
The maximum Eigen value test ( maxλ  statistic) tests the null hypothesis that qrHo =:  vectors against 
the alternative that r = q + 1 and is given by 
).1()()(max +−= qqq tracetrace λλλ         (4) 
The maxλ  statistic tests the null hypothesis that the number of co-integrating vectors is equal to q 
against the alternative that the number of co-integrating vectors is q + 1. 
The results of the trace test and the maximum eigen value test are reported in Appendix Table 2. Given 
that both income volatility and energy volatility are I(0), we expect at least two cointegrating vectors. 
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That is, (0, 0, 1, 0)zt and (0, 0, 0, 1)zt  are two trivial cointegrating vectors representing INVOLt and 
EVOLt respectively. These two volatility measures will have short run causal relationship with both 
economic growth and energy consumption growth and between each other.   The results based on 
the Johansen-Juselius procedure indicate that the null of 0=r  (i.e., no co-integrating relationship) 
and 1r =  (i.e., one co-integrating relationship) is rejected for all countries in our sample at the ten 
per cent level of significance indicating the presence of at least two cointegrating vectors.  The 
sequential testing procedure fails to reject the null hypothesis that the number of co-integrating 
vectors is at most two at the ten per cent level of significance for 17 countries. This is indicating that 
there is no long-run equilibrium relationship between income, energy consumption, income volatility 
and energy consumption volatility.15 The test for the null hypothesis of 2r =  (i.e., two co-integrating 
relationship) is rejected for all other countries. The sequential testing procedure fails to reject the null 
hypothesis that the number of co-integrating vectors is at most three at the ten per cent level of 
significance for remaining countries. This indicates  a long-run equilibrium relationship between 
income and energy consumption for 31 countries. Since the volatility measures are I(0), we do not 
expect long-run causal relationships with each other and with income and energy consumption.  
3.4 Vector error-correction model.  
We develop a vector error correction model for income (RGDPPC) and energy consumption (ECPC) 
which are co-integrated with one co-integrating vector along with two trivial cointegrating vectors of 
income volatility (INVOL) and energy consumption volatility (EVOL) (i.e.,r=3). Therefore, the system of 
equations representing vector error correction model (VEC) is presented in the following.  
                                                            
15 These countries include Bolivia, Czech, Ecuador, Gabon, Hungary, Indonesia, Nigeria, Norway, Pakistan, 
Philippines, Portugal, Spain, South Africa, Sudan, Syria, Trinidad and Tobacco and Venezuela.  
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where the error correction terms β β= = −1 ' ln( ) ln( ),t t t te z ECPPC RGDPPC   (5.5)
= =2 3  and t t t te INVOL e EVOL are error process from the long-run static equation.16  1iγ  denotes 
the speed of adjustment parameter for the ith equation, i.e., it explains the speed at which the process 
approaches the long-run through corresponding equation.   The statistical significance of the long-
rung causal relationship between income and energy consumption is examined through Yamamoto 
and Kurozumi (2006) technique which is outlined in the following section. The sign rule proposed by 
                                                            
16 The long-run relationship, or static equation, is represented by a contemporaneous relationship between the 
variables of interest rather than a relationship with lags. 
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Rajaguru and Abeysinghe (2008) is further used to establish the genuine long-run causal relationships 
between the variables of interest. Rajaguru and Abeysinghe (2008) show that the genuine long-run 
equilibrium holds if the sign of the error correction coefficient, γi, is opposite to that of the sign of βi .  
3.6. Long-run Granger non-causality 
In the following, we present Yamamoto and Kurozumi (2006) procedures in line with our proposed 
VECM in the above. Therefore, to determine the long-run Granger non-causality from the ith 
component of tz  to the jth component of tz , we define two ×1 4  matrices, 1 2 3 4[ ]LR r r r r=  and 
* * * * *
1 2 3 4[ ]RR r r r r= , such that 


 =
=
otherwise   0
 if   1 jk
rk  and 


 =
=
otherwise   0
 if   1* ikrk .  For example, to test 
long-run Granger non-causality from ECPC  to REGDPPC, corresponding restrictions may take the 
following form [1 0 0 0]LR =  and 
* [0 1 0 0]RR = .Further, long-run Granger non-causality 
from ith component of tz  to the jth component of tz  is established by testing the null .0:
'
0 =RL RBRH   
Specifically, we construct the Wald-type statistic using the generalised inverse given by 
 ( ) 2'''' )ˆ('ˆˆˆ'ˆˆˆ)'ˆ( sdRLgRRLLRL RBRvecRPPRRCCRRBRTvecW χ→Σ⊗Σ= −−   (6) 
where T is the sample size, vec denotes the vectorisation of a matrix by constructing a column vector 
by appending each column of a matrix and Σˆ  is a consistent estimator of Σ , given by 
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.  Further, we define the long-run impact matrix 
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Rajaguru (2004) and Rajaguru and Abeysinghe (2008) show that temporal aggregation and systematic 
sampling creates contemporaneous correlations, alters dynamic links and may distort causality 
inference. In other words, one could obtain conflicting inferences between the variables when the 
Granger causality test is examined at different frequencies (for example, annual vs quarterly data). 
They further demonstrate that the cointegration property is invariant to temporal aggregation and 
systematic sampling.  Based on this property,  Abeysinghe and Rajaguru (2008) present a sign rule for 
causal inference and contemporaneous conditioning in regression models to establish the genuine 
causal  relationship between the variables. Rajaguru and Abeysinghe (2008) show that the genuine 
long-run equilibrium holds if the sign of the error correction coefficient, γi, is opposite to that of the 
sign of βi .  
3.7. Short-run Granger non-causality.  
The short run Granger causality between the variables require appropriate restrictions on the 
system of short-run equations described in equations 5.1-5.4. For example, the short run Granger 
causality from Energy consumption to income is examined by testing the null hypothesis that 
22, 0iδ = , for all i. Further, the sign of the short-run Granger causality from energy consumption to 
income is determined by
1
22,
1
p
i
i
δ
−
=
∑ . Similarly, the short run Granger causality from income volatility to 
energy consumption is determined by testing the null hypothesis that 22 23,0 and 0iγ δ= = , for all i. 
Correspondingly the sign is determined by 
1
22 23,
2
p
i
i
γ δ
−
=
+ ∑ .  
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4. Results and Discussion  
4.1. Descriptive Evidence 
GDP and Energy Use are associated in a complex relationship. In general, we observe that 
income per capita has increased for all countries included in the sample. In contrast some countries 
observed decreasing and some with rising trends of per capita energy consumption. Figure 3, in the 
following, shows two clusters of the sample with obvious falling and rising trends of association 
between GDP and energy use per capita for the duration of 1970-2015. In other words, some 
countries are observing falling energy intensity and others facing increasing energy intensity over the 
past 45 years.17 Further it is interesting to note that the countries with lower level of energy 
consumption tend to have positive correlation between GDP and energy consumption per capita. On 
the other hand, countries with higher level of energy consumption tend to have negative 
correlations.  
 
                                                            
17 This also implies that some countries have achieved energy efficiency and others still striving to achieve 
efficiency based on trends of simple correlations. 
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More interestingly we find that the energy intensity is falling in both types of correlation. Figure 
4 in the following shows this with the help of simple correlation between energy intensity and 
income per capita for all countries summarised for the period of 1970-2015. This provides the basis 
for our baseline analysis of energy-growth nexus—through the long run causality analysis along with 
a variety of short-run dynamics.    
 
 
Further we explore relationship of income volatility with energy consumption and its 
volatility in Figures 5  and 6. It clearly presents positive relationship between income volatility and 
energy consumption volatility. Further we observe that income volatility (uncertainty in income) 
depresses energy consumption across all countries included in the sample.  With this initial 
observation, we move forward to investigate a variety of insights in energy-growth nexus.  
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4.2. Long-run Granger Causality Results  
The long-run causal relationships between income and energy consumption are established 
through equations (5.1) and (5.2). The estimated elasticity (β) from the long-run equation (5.5) and 
the corresponding standard errors are reported in columns 2 and 3 of Table 1. The estimated speed 
of adjustment terms for the energy and income equations are reported in columns 4 and 6 of Table 
1, respectively.  The Yammoto-Kurozumi test statistic to examine the direction long-run relationship 
between income and energy use are reported in columns 8 and 9 of Table 1. In order to identify the 
genuine long-run causal relationships between the variables, as suggested in Rajaguru and 
Abeysinghe (2008), the speed of adjustment for the energy equation ( 1iγ ) is expected to be negative 
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and the speed of adjustment for income equation ( 2iγ ) is expected to be the same sign as β.  Based 
on this, all long-run Granger causality results are found to be genuine. Finally, the nature of the 
relationship (positive or negative or none) is identified through the sign of the estimated elasticity 
and the speed of adjustment terms along with the significance of the yamamoto-kurozumi test 
statistics. The nature of the relationship (positive or negative or none) is summarized in columns 10 
and 11 of Table 1. For the ease of interpretation, the long-run Granger causality test results from 
Table 1 is summarized in Table 2.    The Granger causality test confirms long run relationship 
between income and energy consumption for 31 countries from a sample of 48 countries. This 
relationship establishes three cointegrating vectors where one vector represents the long run 
relationship between income and energy consumption and  the other two vectors correspond to the 
stationary variables of income volatility and energy consumption volatility.18 Our results confirm the 
validity of growth, conservation, duality and neutrality hypotheses in line with literature on energy-
growth nexus. Further, the negative causality from income to consumption or vice versa or in the 
form of bi-directional causality are the unique features of these results. The negative long run 
causality from income to energy consumption overwhelmingly confirms our conjecture of falling 
energy intensity in many countries including Belgium, Chile, Denmark, Finland, Germany, Japan, 
Netherland, Sweden, Thailand and USA. This implies that countries observing the negative long run 
causality from income to energy consumption are benefiting from energy efficiency which has been 
achieved over the past few decades. However, countries with negative causality running from 
energy consumption to income (Egypt and Vietnam) observe inefficiency or defects in their 
distribution system of the energy use. Interestingly the negative causality in bi-directional 
relationship explains the multiplier effect of energy efficiency in those countries. 
                                                            
18 These countries include Albania, Algeria, Australia, Austria, Bangladesh, Belgium, Bolivia, Brazil, Canada, 
Chile, China, Columbia, Denmark, Egypt, Finland, France, Germany, India, Iran, Italy, Japan, Korea, Netherland, 
New Zealand, Sweden Sri Lanka, Thailand, Turkey, UAE, UK, USA and Vietnam. 
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Moreover, it can be shown from equation (5.5) that the energy intensity falls with respect to 
income when the elasticity β < 119.   It is observed from table 1 that the income elasticity of energy 
consumption (considered as the long run coefficient, β) are less than one for all countries except 
Austria and South  Korea.  This confirms that the energy intensity is falling for all countries  (except 
Austria and South Korea), regardless of  the nature of the long-run relationship (positive or negative) 
between energy consumption and income indicating that income is increasing faster than energy 
consumption. Though Austria and Korea appear with income elasticity greater than one, it is critical 
to note that Yamamoto-Kurozumi test for the long-run causality confirms the conservation 
hypothesis for these two countries. Therefore, the above test helps to segregate flawless 
multidimensional long-run relationship between variables.              
 
----------Table  1 and Table 2--------- 
                                                            
19 The long-run equation (5.5) can be written as β= + 1ln( ) ln( )t t tECPPC RGDPPC e . By rearranging, 
β= − + 1ln( ) ( 1)ln( )
t
t t
t
ECPPC
RGDPPC e
RGDPPC
. The energy intensity  /t tECPPC RGDPPC  falls with respect to 
income when β<1. 
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Table 1: Long-run Granger Causality Results 
 
Elasticity 
(β) 
(2) 
(se) 
(3) 
Energy Equation Income Equation Yamamoto -Kurozumi Test LR Causality 
 (1) 
ECM(-1) 
(γ21) 
(4) 
(se) 
(5) 
ECM(-1) 
(γ11) 
(6) 
(Se) 
(7) 
RGDPPC      
 → ECPC 
(8) 
ECPC → 
RGDPPC 
(9) 
RGDPPC      
 → ECPC 
(10) 
ECPC → 
RGDPPC 
(11) 
Albania 0.13*** (0.05) -0.26** (0.11) 0.18 (0.33) 7.16*** 1.18 +ve NONE 
Algeria 0.98*** (0.08) -0.0008 (0.01) 0.05** (0.02) 1.64 5.19** +ve +ve 
Australia -0.58** (0.28) -0.05*** (0.01) -0.06 (0.05) 4.08** 0.67 -ve -ve 
Austria 7.66*** (2.27) -0.00005 (0.0002) 0.01*** (0.003) 1.34 16.02*** NONE +ve 
Bangladesh 0.43*** (0.019) -0.05*** (0.02) 0.03 (0.04) 5.21** 0.08 +ve NONE 
Belgium -0.13*** (0.04) -0.55*** (0.14) 0.07 (0.43) 9.74*** 0.54 -ve NONE 
Bolivia - - - - - - - - NONE NONE 
Brazil 0.37*** (0.06) -0.002*** (0.0004) 0.0008 (0.001) 5.96*** 0.18 +ve NONE 
Canada -0.25*** (0.05) -0.20** (0.09) -2.22*** (0.53) 5.29** 9.95*** -ve -ve 
Chile -0.47*** (0.04) -0.94*** (0.33) -0.95 (1.30) 4.45** 1.09 -ve NONE 
China 0.37*** (0.11) -0.005* (0.002) 0.05** (0.03) 3.48* 6.47** +ve +ve 
Colombia 0.06*** (0.03) 0.25*** (0.07) -0.13 (0.51) 6.35** 1.53 +ve NONE 
Czech - - - - - - - - NONE NONE 
Denmark -0.12** (0.05) -0.06** (0.18) 0.65 (0.50) 3.36* 1.41 -ve NONE 
Eucador - - - - - - - - NONE NONE 
Egypt -0.38*** (0.04) 0.11 (0.07) -0.51*** (0.18) 0.03 50.09*** NONE -ve 
Finland -0.23** (0.09) -0.15** (0.06) -0.01 (0.13) 26.10*** 0.86 -ve NONE 
France 0.81*** (0.02) -0.03** (0.01) 0.09** (0.03) 3.45* 4.82** +ve +ve 
Gabon - - - - - - - - NONE NONE 
Germany -0.15*** (0.03) -0.31*** (0.10) -0.33 (0.32) 14.15** 0.26 -ve NONE 
Hungary - - - - - - - - NONE NONE 
India 0.97*** (0.03) -0.004 (0.003) 0.09*** (0.02) 1.45 6.38** NONE +ve 
Indonesia - - - - - - - - NONE NONE 
Iran -0.17*** (0.02) -0.14*** (0.04) 0.69*** (0.017) 14.39*** 10.56*** -ve -ve 
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Italy -0.32*** (0.11) -0.06*** (0.02) 0.14*** (0.04) 4.05** 7.73*** -ve -ve 
Table 1: Long-run Granger Causality Results (continued) 
 
Elasticity 
(β) 
(2) 
(se) 
(3) 
Energy Equation Income Equation Yamamoto -Kurozumi Test LR Causality 
(1) 
ECM(-1) 
(γ21) 
(4) 
(se) 
(5) 
ECM(-1) 
(γ11) 
(6) 
(Se) 
(7) 
RGDPPC      
 → ECPC 
(8) 
ECPC → 
RGDPPC 
(9) 
RGDPPC      
 → ECPC 
(10) 
ECPC → 
RGDPPC 
(11) 
Japan -0.17*** (0.03) -0.49*** (0.11) -0.07 (0.82) 3.94** 0.68 -ve NONE 
Korea 1.82*** (0.07) -0.11 (0.12) 0.65*** (0.16) 1.58 10.86*** NONE +ve 
Netherland -0.10*** (0.05) -0.39*** (0.14) 0.004 (0.34) 4.51** 1.66 -ve NONE 
New Zealand -0.71*** (0.14) -0.06* (0.03) -0.34*** (0.09) 2.81* 8.27*** -ve -ve 
Nigeria - - - - - - - - NONE NONE 
Norway - - - - - - - - NONE NONE 
Pakistan - - - - - - - - NONE NONE 
Philippines - - - - - - - - NONE NONE 
Portugul - - - - - - - - NONE NONE 
Safrica - - - - - - - - NONE NONE 
Spain - - - - - - - - NONE NONE 
Srilanka 0.74*** (0.03) -0.02 (0.02) 0.13*** (0.04) 2.55 11.62*** NONE +ve 
Sudan - - - - - - - - NONE NONE 
Sweden -0.20*** (0.05) -0.51*** (0.11) -0.26 (0.38) 8.06*** 2.54 -ve NONE 
Syrian - - - - - - - - NONE NONE 
Thailand -0.72*** (0.10) 0.10** (0.05) 0.09 (0.15) 7.11** 0.29 -ve NONE 
Trinidad and Tobaco - - - - - - - - NONE NONE 
Turkey 0.79*** (0.07) -0.02** (0.01) 0.06* (0.04) 12.62*** 5.73* +ve +ve 
UAE -0.61*** (0.13) -0.14*** (0.04) -0.08* (0.04) 16.72*** 4.72** -ve -ve 
UK -0.07*** (0.01) -0.26** (0.11) -1.99*** (0.71) 9.53** 60.31*** -ve -ve 
USA -0.32*** (0.12) -0.21** (0.08) -0.05 (0.33) 6.67** 1.63 -ve NONE 
Venenzula - - - - - - - - NONE NONE 
Vietnam -0.49*** (0.03) -0.02 (0.02) 0.79*** (0.06) 1.37 17.74*** NONE -ve 
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Notes: *, ** and *** denotes significant at 10%,  5% and 1% respectively. β= + 1ln( ) ln( )t t tECPPC RGDPPC e , where β  (in column 2) denotes elasticity. γ11 (column 6) 
and γ21 (column 8)are speed of adjustment in Income equation and energy consumption equations respectively. REGDPPC→ ECPC (in column 8)denotes long-run Granger 
causality from income to energy consumption and . ECPC→ RGDPPC (in column 9)denotes long-run Granger causality from energy consumption to income. The nature of 
the long-run Granger causality (positive or negative or None) is established through the sign of β . As suggested by Rajaguru and Abeysinghe (2008), the long run Granger 
causality from income to energy consumption (REGDPPC→ ECPC) is genuine if γ21 is negative. ). The long run Granger causality from energy consumption to income  
(ECPC→ RGDPPC) is genuine if the sign of γ11 is same as β . 
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Table 2: Summary of Long-run Granger Causality Results 
Causality Positive  Negative  None 
Income  Energy 
Consumption 
Albania, 
Bangladesh, 
Brazil, Columbia,  
Belgium, Chile, 
Denmark, Finland, 
Germany, Japan, 
Netherland, Sweden, 
Thailand, USA 
Bolivia, Czech, 
Ecuador, Gabon, 
Hungary, 
Indonesia, 
Nigeria, Norway, 
Pakistan, 
Philippines, 
Portugal, South 
Africa, Spain, 
Sudan, Syrian, 
Trinidad and 
Tobago, 
Venezuela 
 
Energy Consumption  
Income 
 Austria, India, 
South Korea, Sri 
Lanka 
Egypt, Vietnam 
Income ↔Energy 
Consumption 
Algeria, China, 
France, Turkey 
Australia, Canada, 
Iran, Italy New 
Zealand, UAE and 
UK 
 
The long run estimates of income elasticity (positive or negative) of energy consumption 
(demand) present interesting implications for policy makers and applied researchers. In practise, 
energy demand is not only limited but also extends to almost everything such as space, water, 
heating or cooling, powering of appliances, lighting and transportation. The standard consumer 
theory suggests that by increasing income, demand for the inferior goods decrease. However, in the 
current analysis, increasing income decreases energy consumption—refers to increasing the energy 
efficiency. For example, the saturation effect of energy suggests that the energy consumption may 
increase slightly by the greater income changes—indicating inelastic response of energy 
consumption. Beyond these preliminary explanations, the economic theory suggests little 
information about the size of income elasticities and why they are likely to change is also discussed 
in Lewbel (2007).  
Further in support of income elasticity of energy consumption (less than 1),  Davies (1795) 
and Eden (1797) find  that poor rural households spend a smaller proportion of their incomes on 
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utilities and food as compared with relatively rich and urban households. In the same vein, Engel 
(1857) provides a classical explanation about decreasing household expenditure shares with 
increasing income level. However, Wright (1875) observes a constant share of budget allocated on 
energy needs (fuel and light) across various income levels. Thus, from the earlier literature we may 
assume a constant income share of energy consumption and or an inverse-U relationship between 
income and energy consumption.           
Further our results reconcile with the findings of Joyeux and Ripple (2011) which finds from 
the cross-sectional evidence that developing countries show smaller income elasticity of energy 
demand as compared with developed countries. Likewise Medlock and Soligo (2001) and van 
Benthem and Romani (2009) observe that energy demand grows alongside with economic 
development, initially with faster rate and later becomes moderate—therefore decreases at the 
higher levels of income. Similarly, Judson et al. (1999) finds that as per capita GDP increases, income 
elasticity of energy demand first increased towards 1 and then declined to near zero in the 
industrialised countries. Galli (1998) finds evidence in favour of dematerialization from economies 
with relatively higher levels of income.  In contrast Richmond and Kaufmann (2006) and Engli (2001) 
could not find a turning point in relationship of income and energy consumption. Pinzón (2016) finds 
significant but a negative responsiveness of energy consumption with industrial production for 
Ecuador. Pinzón relates above results with mobilization of energy resources to industrial sector 
which turned with less consumption and more industrial production. 
Further, we find  support for the conservation hypothesis for Albania, Bangladesh, Brazil and 
Columbia with increasing income increases energy consumption. These are net energy importing 
countries except Columbia with net exporting status. This is important to note that the elasticity of 
income to energy consumption appears to be less than 1 for these  countries. These results are in 
line with overall understanding of negative income elasticity of energy consumption. In both cases 
(positive/negative elasticity of income) the phenomenon of falling energy intensity is confirmed.   On 
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the other hand, the unidirectional long-run positive Granger causality from energy consumption to 
income—also known as growth hypothesis, has been observed from  Australia, India, Sri Lanka and 
Korea which are net energy importing countries.20 Moreover, the bidirectional positive long-run 
Granger causality has been observed from Algeria, China, France and Turkey with elasticity 
coefficient being less than 1. This shows with the multiplier effect of energy efficiency which is also 
evidenced through falling energy intensity from those countries.  These are all net importing 
countries except Algeria—an exporting country. Interestingly the above findings also indicate a 
coexistence of conservation and growth hypothesis and such like evidence is also found in existing  
literature. 21 Similarly, we find bidirectional   long-run causality for Australia, Canada, Iran, New 
Zealand, UAE and UK. These are all net energy exporting countries except New Zealand and UK.  We 
find no long –run causality between income and energy consumption for other 17 countries. 22   
4.3. Short-run Granger Causality 
We also investigate the dynamic short-run relationship among variables and discuss the 
variables of interest including the volatility aspect of income and energy consumption in this section. 
                                                            
20 For instance our results are similar to Zhang and Cheng (2009), Cheng (1999), Yoo and Kim (2006), 
Zamani (2007), Lotfalipour et al. (2010), Cheng (1998), Ang (2008), Bartleet and Gounder (2010), 
Jamil and Ahmad (2010), Baranzini et al.(2013), Cheng and Lai (1997), Halicioglu (2007), Lise and 
Montfort (2007), Kraft and Kraft (1978), Abosedra and Baghestani (1989) and Ewing et al. (2007) 
from an individual country analysis correspondingly China, India, Indonesia, Iran, Iran, Japan, 
Malaysia, NewZealand, Pakistan, Switzerland, Taiwan, Turkey, Turkey, United States, United States 
and United States. 
21 There are many including Ahamad and Islam (2011), Alam et al. (2012), Wang et al. (2011), Zhixin 
and Xin (2012), Zachariadis and Pashouortidou (2007), Hondroyiannis et al. (2002), Tsani (2010), 
Mandal and Madheswaran (2010), Shahbaz et al.(2013), Dagher and Yacoubian (2012), Tang (2009), 
Shahbaz et al. (2012), Shahbaz and Lean (2012), Zhang (2011), Odhiambo(2009), Ziramba (2009), 
Glasure (2002), Oh and Lee (2004), Yoo (2005), Belloumi (2009), Erdal et al. (2008), Acaravci (2010), 
and Fallahi (2011). 
 
22 These countries are Bolivia, Czech, Ecuador, Gabon, Hungary, Indonesia, Nigeria, Norway, Pakistan, 
Philippines, Portugal, South Africa, Spain, Sudan, Syrian, Trinidad and Tobago and Venezuela. These 
results are further consistent with findings of Ghali and El-Sakka (2004), Fatai et al. (2002), Altinay 
and Karagol (2004), Jobert and Karanfil (2007), Soytas and Sari (2009), Ozturk and Acaravci (2010), 
Yu and Hwang (1984), Yu and Jin (1992), Cheng (1995), Soytas et al.(2007) and Payne (2009).  
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In particular, we discuss the results of short run Granger causality between i) income volatility and 
energy consumption, ii) income volatility and energy consumption volatility and iii) income and 
energy consumption.  This helps to understand deviations from the standard long run causality due 
to unpredictable changes in income and energy consumption behaviour (captured through volatility) 
observed in the sample countries. Further this analysis also provides insights of relationship between 
income and energy consumption from countries which fail to observe the long run causality. 
The summary results of the short-run Granger causality between income, energy 
consumption, income volatility and energy volatility are reported in table 3.  Short run Granger 
causality reveals that income volatility reduces the energy consumption significantly for most of the 
countries regardless of their status of net energy importing or exporting countries. This implies that 
income shocks (even temporary) impede energy consumption in the short run—therefore negative 
income shocks may lead to procyclical movements in energy consumption. This is however 
countered through compensating with subsidies to households or producers from many of the 
developing countries. Further we find that income dynamics are significantly associated with energy 
consumption dynamics—this implies that any shocks to income and energy consumption repel 
economies away from reaching to the state of equilibrium. This is evidenced from majority of 
countries which could not observe long run causality between income and energy consumption. 
Furthermore, results from Pakistan, Sudan, Syria and United Kingdom indicate significant amount of 
vulnerability present in dynamic relationship between income and energy consumption. 
The overall volatility analysis suggests that income volatility creates negative responsiveness 
of energy consumption in all countries where we find a negative elasticity of income to energy 
consumption. This confirms that countries with decreasing energy intensity remain efficient with 
energy use even during high income volatility periods. In addition, we find energy consumption from 
Albania, Algeria, Brazil and Colombia to be negatively responsive to income volatility, where income 
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and energy show a positive income elasticity of energy consumption still consistent with overall 
findings of falling energy intensity.  
Regarding dynamic evidence, we find 12 countries showing short run causality from income 
to energy consumption, 9 with reverse causality, another 9 with bi-directional causality and the 
remaining 18 countries depict no short run relationship from the total sample of 48 countries. This 
way we find 44 countries with either long run or short run causality validating growth, conservation 
or feedback hypotheses.23 However the remaining 4 countries (Czech, Nigeria, Norway and Trinidad 
& Tobago) show the evidence of the neutrality hypothesis of income and energy consumption. 
More specifically, we find changes in income cause likewise changes in the energy 
consumptions for many countries. It implies that increasing income increases energy consumption in 
future to reach the equilibrium level. Further it is interesting to observe that all countries where we 
have observed positive short run causality, those countries appear with negative income elasticity of 
energy consumption. The above findings signify inferences of falling energy intensity—which is 
energy consumption increases less than increases in income. On the other hand, for the cases where 
we find countries with changes in energy consumption leading changes in income have been 
observed with income elasticity less than 1 (in absolute values) in the long run.         
  
                                                            
23 However, 12 countries appear with short run causality from those 16 countries which have presented no 
long run causality. 
33 
 
 
Table 3: Short-run Granger Causality Results 
Countries 
RGDPPC 
→ ECPC 
INVOL 
→ 
ECPC 
EVOL 
→ 
ECPC 
ECPC → 
RGDPPC 
INVOL→ 
RGDPPC 
EVOL→ 
RGDPPC 
ECPC 
→ 
INVOL 
RGDPPC 
→INVOL 
EVOL→ 
INVOL 
ECPC→ 
ECVOL 
RGDPPC 
→ EVOL 
INVOL 
→ 
EVOL 
Albania -ve -ve NONE +ve -ve +ve NONE -ve +ve -ve +ve NONE 
Algeria NONE -ve +ve NONE -ve +ve NONE -ve NONE -ve NONE NONE 
Australia NONE NONE NONE NONE NONE NONE NONE -ve NONE NONE NONE NONE 
Austria NONE NONE NONE NONE +ve +ve NONE -ve +ve NONE NONE NONE 
Bangladesh NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE -ve NONE 
Belgium -ve -ve NONE NONE NONE NONE NONE +ve NONE NONE NONE NONE 
Bolivia +ve -ve NONE NONE NONE NONE NONE +ve NONE NONE NONE +ve 
Brazil NONE -ve -ve NONE NONE NONE NONE -ve NONE NONE NONE NONE 
Canada +ve -ve NONE +ve -ve NONE +ve -ve NONE NONE +ve NONE 
Chile NONE -ve NONE NONE -ve -ve NONE +ve NONE NONE NONE NONE 
China NONE NONE NONE +ve NONE -ve -ve +ve +ve -ve NONE NONE 
Colombia NONE -ve NONE NONE NONE NONE NONE -ve NONE NONE NONE NONE 
Czech NONE NONE NONE NONE -ve NONE NONE +ve NONE -ve NONE +ve 
Denmark NONE -ve NONE NONE NONE NONE NONE -ve NONE NONE NONE +ve 
Eucador +ve -ve -ve NONE NONE NONE NONE -ve NONE -ve +ve +ve 
Egypt NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE 
Finland NONE NONE -ve NONE NONE NONE NONE -ve NONE NONE -ve NONE 
France NONE -ve NONE +ve NONE +ve NONE -ve NONE NONE NONE NONE 
Gabon +ve -ve NONE +ve NONE NONE NONE -ve NONE NONE NONE NONE 
Germany +ve -ve -ve NONE NONE NONE NONE NONE NONE NONE NONE +ve 
Hungary +ve -ve NONE +ve NONE -ve -ve NONE +ve NONE NONE NONE 
India +ve NONE NONE NONE +ve NONE NONE -ve NONE NONE +ve +ve 
Indonesia +ve -ve NONE NONE -ve NONE +ve -ve +ve NONE NONE NONE 
Iran +ve -ve NONE +ve -ve -ve NONE -ve NONE -ve NONE NONE 
Italy NONE NONE NONE +ve NONE -ve +ve -ve NONE NONE NONE NONE 
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Table 3: Short-run Granger Causality Results 
Countries 
RGDPPC 
→ ECPC 
INVOL 
→ 
ECPC 
EVOL 
→ 
ECPC 
ECPC → 
RGDPPC 
INVOL→ 
RGDPPC 
EVOL→ 
RGDPPC 
ECPC 
→ 
INVOL 
RGDPPC 
→INVOL 
EVOL→ 
INVOL 
ECPC→ 
ECVOL 
RGDPPC 
→ EVOL 
INVOL 
→ 
EVOL 
Japan +ve -ve NONE NONE NONE NONE -ve NONE +ve NONE NONE NONE 
Korea NONE -ve NONE +ve +ve -ve NONE NONE NONE NONE NONE NONE 
Netherland +ve -ve -ve NONE NONE NONE NONE -ve NONE -ve NONE NONE 
New Zealand NONE NONE NONE NONE -ve NONE NONE NONE NONE NONE NONE +ve 
Nigeria NONE -ve -ve NONE NONE NONE NONE NONE NONE -ve -ve +ve 
Norway NONE NONE NONE NONE NONE -ve NONE NONE NONE -ve NONE +ve 
Pakistan +ve NONE NONE +ve NONE NONE NONE NONE +ve NONE -ve +ve 
Philippines NONE -ve NONE +ve +ve NONE NONE NONE NONE NONE NONE NONE 
Portugul +ve -ve -ve +ve -ve +ve NONE -ve NONE -ve +ve +ve 
Safrica NONE -ve NONE +ve NONE NONE NONE NONE +ve NONE NONE NONE 
Spain +ve -ve NONE +ve -ve NONE +ve -ve NONE NONE NONE NONE 
Srilanka NONE NONE NONE NONE +ve NONE NONE -ve NONE +ve NONE NONE 
Sudan -ve NONE NONE NONE NONE NONE NONE NONE +ve +ve NONE +ve 
Sweden +ve NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE 
Syrian +ve -ve -ve NONE NONE +ve NONE -ve +ve -ve +ve +ve 
Thailand +ve NONE NONE NONE NONE NONE -ve -ve NONE -ve NONE +ve 
Trinidad and 
Tobago NONE NONE -ve NONE NONE NONE NONE -ve NONE NONE NONE NONE 
Turkey NONE NONE -ve NONE +ve NONE +ve -ve NONE +ve NONE NONE 
UAE NONE -ve -ve NONE NONE NONE -ve -ve NONE NONE NONE NONE 
UK NONE -ve NONE +ve -ve NONE +ve +ve +ve -ve NONE +ve 
USA NONE -ve -ve +ve NONE NONE NONE NONE NONE NONE +ve +ve 
Venenzula +ve NONE NONE +ve NONE -ve NONE -ve NONE NONE NONE NONE 
Vietnam NONE NONE NONE +ve -ve NONE NONE -ve NONE -ve +ve NONE 
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Concluding Remarks and policy indications 
This study investigates falling energy intensity trends through estimating the long run causality along 
with short-run dynamic relationship between income and energy consumption. We examine this  by 
using Granger causality methods within Yamamoto -Kurozumi framework for 48 countries from 1960 
to 2015. We find the presence of 4 possible types of relationships (commonly known as conservation, 
growth, and feedback and neutrality hypothesis) showing enough evidence in favour of falling energy 
intensity. Further the current study investigates the neglected link of volatility in the energy-growth 
nexus. Results show overwhelming evidence of interconnectedness of income volatility and energy 
consumption volatility along with causal relationship between income and energy consumption.  
We find that the income elasticity of energy consumption (a long run coefficient) is less than one for 
all countries with significant long run causality from income to energy consumption. This implies that 
the energy intensity is falling in those countries—this also reconciles with our results validating 
hypothesis of energy conservation. They  include Albania, Bangladesh, Belgium, Brazil, Chile, 
Colombia, Denmark, Finland, Germany, Japan, Netherland, Thailand, and USA, which are all net 
energy importing countries except Colombia. On the other hand, we find the evidence of growth 
hypothesis for countries including Austria, Egypt, India, Korea, Sri Lanka and Vietnam. In particular, 
Australia and Korea show greater increase in income with smaller increases in energy 
consumption—therefore coincides with falling energy intensity. However, countries including Egypt, 
India, Sri Lank and Vietnam depict consumption elasticity of less than one which indicates relatively 
less efficient use of energy in the above countries.  
In addition to conservation and growth hypothesis oriented with falling energy intensity, we find 
evidence of feedback hypothesis for 10 countries. These are Algeria, Australia, Canada, China, 
France, Iran, New Zealand, Turkey, UAE and UK with long run feedback coefficient less than one. We 
find the remaining countries with no long run causality therefore classified as the presence of 
neutrality hypothesis.  
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Results from many countries indicate that increasing income volatility, in the short run, reduces 
energy consumption. Further we find energy consumption volatility increasing with rising income 
volatility and vice versa. We also note that the corresponding long run relationship, however, 
remains intact with showing falling energy intensity across those countries.  
Further we find short run causality with useful insights in the energy growth nexus. Most of the 
countries which lack long run causality depict a strong dynamic relationship between income and 
energy consumption. We find some countries with positive changes and others with negative 
changes energy consumption subject to upward changes in income. Similar results have been 
observed in case of changes in income with reference to upward changes in energy consumption.  
Obviously, the results of long run causality appear consistent with energy conservation policies 
which expect increasing energy efficiency over the period. This is required for the sustainable 
development and growth to maintain at the low levels of energy consumption. This is possible 
through encouraging savings (energy) on the guidelines of national energy policies which have been 
adopted by the developed countries. These policies are a) research, development and conservation 
policy which demand attention towards exploring alternative forms of energy, b) public education 
and training in order to enhance awareness of households and manufacturing sector about the 
usefulness of energy conservation policies, c) investment packages and incentives to install energy 
saving instruments, d) easy loans may be extended to industries which participate in investing 
energy conservation plants e) central policy and allocation of resources should be aligned with 
necessary accountability to enforce the conservation policies and, f) energy prices or the price 
structure plays vital role in fuel substitutions therefore subsidies and taxes should be based on their 
relative effectiveness.         
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Appendix Table 1: List of countries with status     
Country Net importing Net Exporting Developed Developing OECD 
ALBANIA ✓   ✓ Non-OECD 
ALGERIA  ✓  ✓ Non-OECD 
AUSTRALIA  ✓ ✓  OECD 
AUSTRIA ✓  ✓  OECD 
BANGLADESH ✓   ✓ Non-OECD 
BELGIUM ✓  ✓  OECD 
BOLIVIA  ✓  ✓ Non-OECD 
BRAZIL ✓   ✓ Non-OECD 
CANADA  ✓ ✓  OECD 
CHILE ✓   ✓ OECD 
CHINA ✓   ✓ Non-OECD 
COLOMBIA  ✓  ✓ Non-OECD 
CZECH ✓  ✓  OECD 
DENMARK ✓  ✓  OECD 
ECUADOR  ✓  ✓ Non-OECD 
EGYPT  ✓  ✓ Non-OECD 
FINLAND ✓  ✓  OECD 
FRANCE ✓  ✓  OECD 
GABON  ✓  ✓ Non-OECD 
GERMANY ✓  ✓  OECD 
HUNGARY ✓   ✓ OECD 
INDIA ✓   ✓ Non-OECD 
INDONESIA  ✓  ✓ Non-OECD 
IRAN  ✓  ✓ Non-OECD 
ITALY ✓  ✓  OECD 
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JAPAN ✓  ✓  OECD 
KOREA ✓  ✓  OECD 
NETHERLANDS ✓  ✓  OECD 
NEW ZEALAND ✓  ✓  OECD 
NIGERIA  ✓  ✓ Non-OECD 
NORWAY  ✓ ✓  OECD 
PAKISTAN ✓   ✓ Non-OECD 
PHILIPPINES ✓   ✓ Non-OECD 
PORTUGAL ✓  ✓  OECD 
SOUTH_AFRICA  ✓  ✓ Non-OECD 
SPAIN ✓  ✓  OECD 
SRILANKA ✓   ✓ Non-OECD 
SUDAN  ✓  ✓ Non-OECD 
SWEDEN ✓  ✓  OECD 
SYRIA  ✓  ✓ Non-OECD 
THAILAND ✓   ✓ Non-OECD 
TRINIDAD_TOBAGO ✓  ✓ Non-OECD 
TURKEY ✓   ✓ OECD 
UAE  ✓  ✓ Non-OECD 
UK ✓  ✓  OECD 
USA ✓  ✓  OECD 
VENEZUELA  ✓  ✓ Non-OECD 
VIETNAM  ✓  ✓ Non-OECD 
1) Net energy imports are estimated as energy use less production, both measured in oil equivalents. A negative value indicates that the 
country is a net exporter. For this purpose, average of EG.IMP.CONS.ZS from 1960 to 2017 is used. This classification is reconciled 
from Jalil (2014) and there is only difference in case of Albania. In Jalil (2014), Albania is taken as net exporter country.  
2) 1in column D (developed) indicates advanced economies as given in Table B, page 178 of World Economic Outlook, April 2017, 
World Economic and Financial Surveys, Gaining Momentum. International Monetary Fund.  
3) Dates given in OECD column are the dates on which these countries deposited their instruments of ratification. These dates are 
extracted from the offical website of OCED on 16th April 2018. 
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Appendix Table 1a: Unit Root Test  - RGDPPC 
 Level First Difference 
  ADF PP KPSS Breakpoint Break ADF PP KPSS Breakpoint Break 
Albania -2.36 -1.42 0.16** -3.79 2003 -3.79*** -3.03*** 0.32 -5.29** 1990 
Algeria -2.63 -1.66 0.15** -3.02 1990 -2.98** -4.52*** 0.15 -4.64** 1979 
Australia -1.74 -1.99 0.19** -3.55 2000 -5.35*** -5.35*** 0.11 -6.33*** 2001 
Austria -2.11 -1.44 0.18** -2.37 
1981, 
1986 -3.02** -3.17** 0.19 -8.97*** 1985 
Bangladesh -2.47 -2.04 0.14* -3.72 2003 -4.59*** -4.59*** 0.08 -4.81** 2002 
Belgium -1.01 -0.89 0.15** -3.63 1980 -3.05** -3.08** 0.26 -6.94*** 2000 
Bolivia -2.16 -2.27 0.17** -2.02 1999 -4.29*** -4.35*** 0.19 -4.89** 2003 
Brazil -2.53 -2.13 0.14* -3.88 1986 -4.25*** -4.24*** 0.09 -4.77** 1985 
Canada -2.35 -2.27 0.17** -3.35 1992 -4.65*** -4.66*** 0.08 -5.69*** 1975 
Chile -2.32 -2.57 0.18** -3.32 1997 -6.95*** -6.95*** 0.07 -16.87*** 1998 
China -2.34 -2.25 0.18** -3.01 1986 -6.33*** -6.34*** 0.19 -9.92*** 1992 
Colombia -1.68 -1.65 0.17** -3.11 1992 -4.54*** -4.56*** 0.18 -5.89*** 1993 
Czech -2.08 -1.36 0.15** -2.71 1985 -4.53*** -4.53*** 0.23 -5.06*** 2012 
Denmark -2.52 -2.34 0.14* -2.68 1980 -4.79*** -4.69*** 0.13 -5.37*** 1985 
Eucador -2.39 -1.74 0.12* -3.26 1987 -2.91* -3.13** 0.16 -4.31* 1979 
Egypt -1.71 -1.82 0.16** -3.73 1985 -4.25*** -4.36*** 0.16 -4.94** 1994 
Finland -1.44 -1.48 0.14* -2.93 1982 -4.31*** -4.44*** 0.19 -6.34*** 1986 
France -2.66 -2.27 0.17** -2.22 2004 -4.66*** -4.66*** 0.06 -5.25*** 1986 
Gabon -1.8 -1.8 0.22*** -2.92 1986 -5.95*** -6.11*** 0.29 -7.11*** 1983 
Germany -1.93 -1.21 0.21*** -3.05 1985 -4.92*** -4.84*** 0.31 -5.55*** 1981 
Hungary -2.99 -2.06 0.12* -3.43 1985 -4.47*** -4.37*** 0.14 -4.92** 1992 
India -0.58 -0.26 0.22** -3.94 1974 -4.91*** -4.61*** 0.13 -7.43*** 1975 
Indonesia -1.93 -1.37 0.12* -4.11 1987 -2.92* -2.97** 0.21 -4.29* 1994 
Iran -1.88 -0.82 0.23*** -2.88 1978 -3.26** -2.64* 0.31 -5.23*** 1978 
Italy -0.89 -1.05 0.16** -1.04 2001 -2.86* -5.25*** 0.30 -5.89*** 1996 
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Japan -1.75 -3.33* 0.15** -2.92 2004 -6.64*** -6.37*** 0.25 -7.55*** 2008 
Korea -3.12 -2.17 0.14* -4.12 1985 -4.81*** -4.71*** 0.31 -5.42*** 1981 
Netherland -3.38* -2.58 0.15** -3.71 1985 -5.00*** -4.86*** 0.08 -5.53*** 1981 
New Zealand -3.11 -2.58 0.12* -3.58 2000 -4.22*** -4.13*** 0.06 -4.62*** 1999 
Nigeria -3.11 -2.32 0.16** -3.89 1984 -4.81*** -4.54*** 0.08 -5.88*** 1993 
Norway -3.11 -2.51 0.15** -3.57 1985 -4.97*** -4.92*** 0.09 -5.34**** 1981 
Pakistan -2.26 -2.07 0.13* - - -2.92* -2.84* 0.28 - - 
Philippines -0.78 -0.99 0.16** -2.77 1988 -5.89*** -6.03*** 0.24 -7.46*** 1991 
Portugul -3.03 -2.5 0.18** -3.72 1980 -4.95*** -4.73*** 0.06 -6.29*** 1986 
Safrica -1.38 -0.47 0.24*** -3.42 1985 -5.03*** -4.83*** 0.33 -5.77*** 1995 
Spain 
-
5.61*** 
-
5.52*** 0.05 -4.69** 1986 - - - - - 
Srilanka -0.64 -0.71 0.19** -2.56 1978 -6.81*** -6.89*** 0.32 -11.02*** 1978 
Sudan -2.51 -1.81 0.15** -3.71 1985 -4.94*** -4.87*** 0.18 -5.54*** 1981 
Sewden -2.98 -2.14 0.19** -3.92 2000 -4.28*** -4.32*** 0.24 -4.84** 1984 
Syrian -3.06 -3.05 0.13** -1.71 1982 -5.27*** -5.11*** 0.07 -8.53*** 1973 
Thailand -1.39 -1.09 0.17** -2.79 1981 -4.49*** -4.52*** 0.32 -5.94*** 1984 
Trinidad and 
Tobaco -2.29 -1.95 0.12* -3.34 1979 -3.74*** -3.74*** 0.12 -4.74** 1980 
Turkey -3.05 -2.58 0.13* -3.38 2001 -5.26*** -5.08*** 0.05 -5.69*** 1992 
UAE -2.79 -2.38 0.12* -2.45 1986 -4.91*** -4.95*** 0.06 7.46*** 1998 
UK -2.34 -1.66 0.13* -3.17 1979 -2.82* -3.79*** 0.19 5.23*** 2001 
USA -3.01 -2.62 0.15** -3.56 1992 -4.29*** -3.74*** 0.07 -6.29*** 2008 
Venenzula -2.19 -1.24 0.21** -3.81 1982 -5.03*** -4.80*** 0.27 -5.73*** 2009 
Vietnam -2.09 -2.3 0.15** - - -2.66* -2.72* 0.31 - - 
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Appendix Table 1b: Unit Root Test - Energy Consumption per capita 
 Level First Difference 
  ADF PP KPSS Breakpoint Break ADF PP KPSS Breakpoint Break 
Albania -1.27 -1.50 0.15** -2.29 1989 -6.18*** -6.20*** 0.14 -7.65*** 1992 
Algeria -2.94 -2.92 0.16** -4.08 2002 -4.29*** -5.07*** 0.25 -7.55*** 1982 
Australia -1.43 -1.29 0.21** -4.12 1993 -7.65*** -7.61*** 0.31 -8.67*** 2007 
Austria -1.83 -1.83 0.21** -3.06 1,995 -6.72*** -6.74*** 0.31 -8.11*** 1972 
Bangladesh -0.93 -0.62 0.20** -0.69 2000 -8.18*** -8.18*** 0.28 -9.16*** 2001 
Belgium -1.61 -1.62 0.19** -3.53 2012 -6.61*** -6.61*** 0.32 -7.29*** 1972 
Bolivia -2.74 -2.82 0.16** -2.61 1993 -7.74*** -7.63*** 0.11 -8.36*** 2001 
Brazil -1.61 -2.06 0.15** -2.54 2003 -5.59*** -5.59*** 0.13 -6.51*** 1981 
Canada -2.13 -2.11 0.22*** - - -4.77*** -4.57*** 0.35* - - 
Chile -3.02 -2.66 0.15** -3.34 1987 -4.52*** -4.48*** 0.27 -5.58*** 1975 
China -1.35 -0.88 0.19** -3.28 2002 -3.57** -3.57** 0.31 -4.49** 2001 
Colombia -1.76 -1.86 0.17** -1.97 1984 -7.17*** -7.14*** 0.09 -8.18*** 1999 
Czech -2.17 -2.27 0.18** -3.45 1990 -7.12*** -7.12*** 0.08 -7.45*** 1999 
Denmark -2.96 -2.97 0.20** -3.57 2009 -7.18*** -7.14*** 0.09 -8.18*** 1999 
Eucador -2.78 -2.72 0.15** -3.07 1995 -7.32*** -7.45*** 0.15 -7.81*** 1985 
Egypt -1.09 -1.18 0.15** -2.73 2001 -5.58*** -5.17*** 0.37* -6.42*** 1985 
Finland -1.35 -1.07 0.23*** - - -7.27*** -7.33*** 0.28 - - 
France -1.46 -1.45 0.23*** - - -6.15*** -6.14*** 0.29 - - 
Gabon -1.07 -1.08 0.19** -2.23 2001 -5.99*** -6.00*** 0.21 -6.61*** 1976 
Germany -1.96 -1.96 0.23*** -3.28 2008 -5.86*** -5.82*** 0.27 -11.34*** 1972 
Hungary -1.97 -1.97 0.21** -3.56 2008 -4.68*** -4.66*** 0.18 -6.83*** 1973 
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India -0.21 -0.38 0.18** -0.49 2005 -4.81*** -5.04*** 0.17 -7.19*** 2003 
Indonesia -1.24 -1.24 0.15** -3.16 1999 -6.58*** -6.58*** 0.19 -8.50*** 1990 
Iran -3.33 -3.25 0.16** -3.59 1988 -8.34*** -8.16*** 0.15 -10.28*** 1977 
Italy -3.11 -3.12 0.20** -2.26 1995 -6.29*** -6.35*** 0.27 -7.99*** 2007 
Japan -2.78 -2.52 0.21** -2.61 2008 -5.85*** -5.85*** 0.32 -7.36*** 1972 
Korea -0.19 -0.17 0.21** -2.65 1985 -5.34*** -5.42*** 0.28 7.64*** 1998 
Netherland -2.29 -2.27 0.19** - - -5.83*** -5.84*** 0.32 - - 
New Zealand -2.06 -1.98 0.24*** -3.59 1983 -7.37*** -7.37*** 0.33 -8.368*** 1979 
Nigeria -2.63 -2.46 0.18** -3.04 1998 -5.51*** -5.44*** 0.24 -6.42*** 1994 
Norway -1.97 -1.73 0.25*** - - -9.44*** -9.91*** 0.36* - - 
Pakistan -1.87 -1.88 0.18** -3.21 1986 -5.16*** -5.18*** 0.33 -7.33*** 2007 
Philippines -2.49 -2.53 0.15** -3.11 1985 -8.63*** -8.33*** 0.09 -8.97*** 2009 
Portugul -0.16 -0.16 0.22*** - - -5.41*** -5.44*** 0.26 - - 
Safrica -1.98 -1.95 0.16** -2.61 2002 -6.22*** -6.23*** 0.16 -6.87*** 2007 
Spain -0.75 -0.91 0.22*** - - -4.31*** -4.39*** 0.26 - - 
Srilanka -2.28 -2.08 0.18** -2.99 1994 -7.32*** -7.45*** 0.21 -8.18*** 1996 
Sudan -2.97 -2.85 0.17** -3.24 1985 -7.01*** -11.08*** 0.29 -10.18*** 2002 
Sewden -2.13 -2.13 0.25*** -3.45 2008 -8.37*** -8.45*** 0.31 -9.15*** 1985 
Syrian -0.26 -0.51 0.21** -1.98 2004 -5.49*** -5.55*** 0.35* -6.75*** 2005 
Thailand -1.91 -2.01 0.19** -3.24 1986 -4.88*** 4.98*** 0.09 -6.21*** 1983 
Trinidad and 
Tobaco -2.19 -2.21 0.19** -2.35 1995 -3.47** -6.33*** 0.15 -7.38*** 1978 
Turkey -2.52 -2.57 0.17** -1.79 2002 -6.42*** -6.42*** 0.09 -7.35*** 1999 
UAE -0.89 -0.83 0.21** -2.63 2003 -6.39*** -6.42*** 0.19 -7.99*** 1987 
UK -0.54 -0.35 0.19** -2.92 2008 -7.27*** -7.24*** 0.13 -8.57*** 2005 
USA -2.62 -1.92 0.19** -4.07 2008 -5.05*** -4.94*** 0.29 -5.56*** 1978 
Venenzula -2.92 -2.97 0.15** -3.57 2004 -10.98*** -10.46*** 0.31 -13.16*** 1991 
Vietnam -1.74 -1.75 .22*** -1.96 1996 -5.32*** -5.51*** 0.32 7.43*** 1992 
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Appendix Table 1c: Unit Root Test – Income Volatility 
  Model ADF PP KPSS Breakpoint Break 
Albania EGARCH(1,1) -3.77** -3.57** 0.07 -7.64*** 2002 
Algeria EGARCH(1,1) -4.51*** -5.80*** 0.07 -5.20*** 1992 
Australia EGARCH(3,0) -6.74*** -8.08*** 0.19 -12.26*** 2010 
Austria EGARCH(1,0) -5.14*** -5.15*** 0.1 -23.59*** 1985, 1990 
Bangladesh EGARCH(1,2) -7.47*** -5.56*** 0.08 -9.71*** 2001 
Belgium EGARCH(1,0) -4.59*** -4.65*** 0.06 -6.01*** 2004 
Bolivia EGARCH(1,0) -4.81*** -4.48*** 0.1 -5.09*** 1976 
Brazil EGARCH(2,1) -3.11** -4.04*** 0.1 -4.45** 1994 
Canada EGARCH(1.0) -5.37*** -5.22*** 0.15 -10.46*** 1995 
Chile EGARCH(2,2) -2.97** -2.92** 0.11 -5.06*** 2001 
China EGARCH(2,2) -5.71*** -5.53*** 0.14 -13.30*** 1992, 1999 
Colombia EGARCH(1,0) -5.76*** -5.77*** 0.17 -14.09*** 1994, 1997 
Czech EGARCH(1,2) -3.72*** -3.81*** 0.22 - - 
Denmark EGARCH(2,2) -6.74*** -8.11*** 0.12 -8.44*** 2004 
Eucador EGARCH(2,2) -4.92*** -5.42*** 0.21 -4.64** 1982, 1990 
Egypt EGARCH(3,0) -5.23*** -5.13*** 0.09 -7.07*** 1996 
Finland EGARCH(1,1) -8.84*** -8.77*** 0.17 -10.96*** 1985, 1991 
France EGARCH(1,0) -6.67*** -6.66*** 0.31 -8.92*** 1991, 2010 
Gabon EGARCH(1,1) 
-
12.53*** 
-
11.76*** 0.08 -14.89*** 
1987, 1997, 
2003 
Germany EGARCH(2,2) -4.09*** -3.17** 0.21 -4.49** 1994 
Hungary EGARCH(2,2) 10.31*** -9.74*** 0.35* -14.61*** 1978 
India EGARCH(1,2) -6.56*** -7.92*** 0.28 -6.95*** 1975, 1981 
Indonesia EGARCH(1,1) -2.93** 3.87*** 0.14 -5.45*** 1983, 1992 
Iran EGARCH(1,1) -3.04** -3.19** 0.23 -11.73*** 1975, 1978 
Italy EGARCH(1,0) -5.83*** -5.72*** 0.28 -6.29*** 1988 
Japan EGARCH(1,1) -6.73*** -6.38*** 0.1 7.26*** 2008 
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Korea EGARCH(1,0) -6.62*** -6.62*** 0.13 -6.91*** 1987, 2010 
Netherland EGARCH(2,0) -7.84*** 11.11*** 0.14 -11.09*** 1989, 1992 
New Zealand EGARCH(2,2) 3.02** -3.07** 0.14 -5.67*** 1981 
Nigeria EGARCH(2,2) -3.99*** 
-
10.23*** 0.11 -11.53*** 1980 
Norway EGARCH(1,3) -7.79*** -8.88*** 0.22 - - 
Pakistan EGARCH(1,0) -4.39*** -4.38*** 0.11 -4.78*** 2004 
Philippines EGARCH(1,0) -6.22*** -6.36*** 0.16 -7.01*** 1986, 2004 
Portugul EGARCH(2,2) 
-
11.18*** 
-
10.89*** 0.08 -13.18*** 1979 
Safrica EGARCH(1,1) -3.09** -3.14** 0.34 -4.51** 2002 
Spain EGARCH(2,2) -8.99*** -5.92*** 0.28 -10.33*** 1999 
Srilanka EGARCH(2,2) -7.81*** -7.19*** 0.18 -14.58*** 1978 
Sudan EGARCH(3,0) -7.92*** 
-
10.49*** 0.24 -9.47*** 2000 
Sewden EGARCH(1,0) -6.07*** -6.08*** 0.19 -6.91*** 2004 
Syrian EGARCH(1,0) -6.55*** -6.54*** 0.14 -33.61*** 1975 
Thailand EGARCH(1,0) -7.55*** -7.61*** 0.19 -8.28*** 1985 
Trinidad and 
Tobaco EGARCH(1,1) -2.65* -2.92*** 0.18 -4.96*** 1982 
Turkey EGARCH(2,0) -3.75*** -3.75*** 0.26 -4.73*** 1978 
UAE EGARCH(1,0) -4.84*** -4.80*** 0.21 -12.85*** 1999 
UK EGARCH(1,0) -5.94*** -5.95*** 0.12 -6.35*** 1995 
USA EGARCH(2,1) -3.11** -3.22** 0.41* -5.27*** 1975 
Venenzula EGARCH(2,0) -4.73*** -3.24** 0.09 -5.34*** 1983 
Vietnam EGARCH(2,2) 
-
14.41*** 
-
13.36*** 0.34 -54.22*** 1997 
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Appendix Table 1d: Unit Root Test – Energy Consumption Volatility 
  Model ADF PP KPSS Breakpoint Break 
Albania EGARCH(1,1) -8.26*** -8.43*** 0.21 -14.68*** 1992 
Algeria EGARCH(1,1) -4.08*** -2.53** 0.31 7.56*** 1995 
Australia EGARCH(1,0) -6.99*** -6.98*** 0.08 -7.57*** 2011 
Austria EGARCH(1,1) -3.60** -3.55** 0.23 -5.07*** 2004 
Bangladesh EGARCH(1,1) -3.98*** -3.98*** 0.09 -5.02*** 2011 
Belgium EGARCH(1,1) -6.09*** -6.29*** 0.24 -6.99*** 1982 
Bolivia EGARCH(1,0) -6.69*** -8.78*** 0.27 7.07*** 1999 
Brazil EGARCH(3,0) -3.91*** -3.82*** 0.15 -5.83*** 1982 
Canada EGARCH(1,1) -3.65*** -3.69*** 0.21 -5.13*** 1981 
Chile EGARCH(1,1) -9.72*** -9.75*** 0.13 -11.29*** 2012 
China EGARCH(1,0) -5.99*** -5.85*** 0.18 -7.21*** 2004 
Colombia EGARCH(4,0) -6.82*** -6.97*** 0.11 -15.35*** 1980 
Czech EGARCH(2,2) -9.99*** 
-
12.01*** 0.11 -11.97*** 1993 
Denmark EGARCH(1,1) -4.76*** -4.79*** 0.19 -5.74*** 1996 
Eucador EGARCH(2,2) -7.47*** -7.46*** 0.17 -10.01*** 2000 
Egypt EGARCH(2,2) 
-
10.86*** 10.24*** 0.25 -11.91*** 1985 
Finland EGARCH(2,1) 
-
10.15*** 
-
10.16*** 0.09 -10.21*** 1987 
France EGARCH(1,1) -4.28*** -4.31*** 0.16 -5.68*** 1978 
Gabon EGARCH(2,1) -7.88*** -8.08*** 0.19 -14.26*** 1975 
Germany EGARCH(3,0) -6.64*** -6.64*** 0.29 -46.67*** 1974 
Hungary EGARCH(2,0) -4.46*** -4.47*** 0.12 -5.16*** 1993 
India EGARCH(2,2) -6.62*** -8.05*** 0.15 -8.11*** 2010 
Indonesia EGARCH(1,1) -3.22** -3.15** 0.28 -5.63*** 1993 
Iran EGARCH(1,0) -6.61*** -6.61*** 0.26 -11.24*** 1984 
Italy EGARCH(1,1) -2.68* -2.69* 0.21 -4.92*** 2009 
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Japan EGARCH(1,1) -7.25*** -7.34*** 0.32 7.61*** 2008 
Korea EGARCH(1,1) -3.59*** -3.56** 0.11 4.96** 1998 
Netherland EGARCH(2,2) -6.09*** -6.09*** 0.18 -6.80*** 2011 
New Zealand EGARCH(2,2) -7.18*** -7.64*** 0.32 -7.61*** 1981 
Nigeria EGARCH(1,2) -7.21*** -7.18*** 0.28 -8.29*** 2010 
Norway EGARCH(2,2) -6.20*** -9.74*** 0.15 -7.21*** 1999 
Pakistan EGARCH(1,0) -6.22*** 6.23*** 0.29 -7.45*** 2009 
Philippines EGARCH(1,0) 
-
11.42*** 
-
11.21*** 0.3 -13.10*** 1984 
Portugul EGARCH(1,1) -3.84*** -3.84*** 0.11 -4.57** 1989 
Safrica EGARCH(1,1) -3.31** -3.23** 0.14 - - 
Spain EGARCH(1,2) -7.46*** -7.42*** 0.24 -12.17*** 1974 
Srilanka EGARCH(1,2) -7.49*** -7.43*** 0.18 -8.87*** 1997 
Sudan EGARCH(2,1) -7.63*** -7.78*** 0.18 -9.44*** 2000 
Sewden EGARCH(1,1) -9.61*** 
-
10.64*** 0.25 -10.21*** 2010 
Syrian EGARCH(1,0) -5.16*** -5.18*** 0.23 -6.21*** 2011 
Thailand EGARCH(2,2) -6.54*** -6.54*** 0.09 -8.14*** 1985 
Trinidad and 
Tobaco EGARCH(1,1) 
-
15.05*** 
-
12.96*** 0.28 -17.45*** 1999 
Turkey EGARCH(1,1) -7.33*** 
-
14.77*** 0.21 -7.92*** 2006 
UAE EGARCH(3,0) -6.43*** -6.56*** 0.29 -9.22*** 1999 
UK EGARCH(1,2) -7.13*** -7.12*** 0.12 -7.65*** 2005 
USA EGARCH(2,0) -7.36*** -6.45*** 0.31 -7.96*** 1994 
Venenzula EGARCH(2,0) 
-
14.15*** 
-
14.52*** 0.18 -14.94*** 2002 
Vietnam EGARCH(2,2) -8.37*** -8.37*** 0.12 -14.24*** 1974 
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Appendix Table 2: Cointegration Test 
  Trace Test Max EV 
  r=0 r-=1  r=2 r=3 r=0 r-=1  r=2 r=3 
Albania 103.58*** 41.51*** 12.53** 1.46 62.08*** 28.97*** 11.22** 1.46 
Algeria 103.48*** 61.60*** 26.52** 0.19 41.88*** 25.82*** 12.94 0.19 
Australia 67.73*** 37.05** 14.35* 1.41 13.68** 22.69** 6.23 1.41 
Austria 182.32*** 27.38** 11.97* 0.16 154.95*** 15.41* 11.80** 0.164 
Bangladesh 87.21*** 40.31*** 11.71* 0.91 46.91*** 17.79** 11.22* 0.91 
Belgium 75.43*** 43.14** 22.91 4.13 32.29*** 20.24** 18.77*** 4.13 
Bolivia 64.39*** 27.89* 6.71 0.61 36.49*** 21.19** 6.1 0.61 
Brazil 52.38*** 28.89** 12.31* 2.49 23.48* 16.58* 9.82* 2.49 
Canada 89.61*** 48.51** 24.96* 4.71 41.09*** 23.55** 20.25** 4.71 
Chile 66.41*** 35.06** 14.40* 0.39 31.35** 20.67* 14.01* 0.39 
China 117.78*** 34.91** 13.36** 0.39 82.89*** 21.54** 12.97** 0.39 
Colombia 71.78*** 38.61*** 17.46** 2.69 33.17*** 21.15*** 14.77** 2.69 
Czech 73.89*** 33.44*** 9.49 2.24 40.46*** 23.95*** 7.25 2.24 
Denmark 59.77*** 23.51* 12.79** 1.06 36.26*** 10.71 11.73** 1.06 
Eucador 69.52*** 27.47* 6.52 0.94 42.05*** 20.95* 5.58 0.94 
Egypt 74.63*** 41.39*** 19.97*** 1.04 33.23*** 21.42** 18.93*** 1.04 
Finland 82.31*** 40.09*** 13.85* 1.91 42.22*** 26.24*** 12.56 1.29 
France 58.54*** 33.34*** 11.41* 0.43 25.21** 21.94** 11.22* 0.43 
Gabon 85.55*** 34.71** 8.41 2.15 50.84*** 26.29*** 6.26 2.15 
Germany 89.73*** 43.08*** 18.26** 1.42 46.65*** 24.81** 16.83** 1.42 
Hungary 60.64*** 29.63* 10.97 0.66 31.01** 18.66* 10.31 0.66 
India 161.61*** 66.76*** 27.42*** 1.37 94.84*** 39.34*** 26.06*** 1.37 
Indonesia 102.22*** 36.26*** 5.79 1.48 65.86*** 30.57*** 4.31 1.48 
Iran 165.52*** 71.52*** 30.64*** 0.03 93.99*** 40.87*** 30.62*** 0.03 
Italy 77.78*** 37.66*** 13.97* 1.7 40.11*** 23.69** 12.26* 1.7 
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Japan 84.13*** 46.64*** 18.18** 2.03 37.49*** 28.46*** 16.15** 2.03 
Korea 115.84*** 69.29*** 26.67*** 6.51 46.54*** 42.63*** 20.15*** 6.51 
Netherland 78.76*** 35.74*** 15.21* 2.41 43.01*** 20.54* 12.79* 2.41 
New Zealand 86.91*** 49.65*** 20.38** 5.53 37.26*** 29.27*** 14.82* 5.53 
Nigeria 75.61*** 37.85*** 9.02 0.01 37.75*** 28.83*** 9.01 0.01 
Norway 78.37*** 40.93** 14.62 6.12 37.43*** 26.31** 8.51 6.12 
Pakistan 54.76*** 24.72** 8.49 0.49 30.04*** 16.23* 7.99 0.49 
Philippines 48.79*** 25.03** 4.45 0.05 23.76* 20.58** 4.41 0.05 
Portugul 91.03*** 48.25*** 18.43 4.89 42.77*** 29.83*** 13.52 4.89 
Safrica 103.99*** 44.73** 21.32 7.26 59.27*** 23.41* 14.06 7.26 
Spain - - - - - - - - 
Srilanka 77.29*** 40.47*** 17.23** 0.14 36.81*** 23.24** 17.09** 0.14 
Sudan 80.24*** 43.67*** 16.78 5.83 36.58*** 26.89** 11.05 5.73 
Sweden 74.98*** 36.27*** 16.18** 2.31 38.10*** 20.09* 13.87* 2.31 
Syrian 142.56*** 32.12** 10.36 1.94 110.45*** 21.76** 8.42 1.93 
Thailand 80.44*** 41.07*** 19.91* 3.17 39.37*** 21.17* 16.74** 3.17 
Trinidad and Tobaco 75.74*** 44.73** 15.41 4.22 31.01* 29.32** 11.18 4.22 
Turkey 94.45*** 40.36** 18.91* 3.02 54.09*** 21.54* 15.88* 3.02 
UAE 94.05*** 38.79*** 16.36** 2.45 55.25** 22.44** 13.91* 2.45 
UK 89.98*** 36.93*** 14.06* 0.78 53.05*** 22.88** 13.28* 0.78 
USA 79.53*** 34.72** 13.73* 0.01 44.81*** 20.98* 13.72* 0.01 
Venenzula 75.08*** 43.58*** 16.87 4.16 31.51** 26.71** 12.71 4.16 
Vietnam 180.79*** 71.44*** 35.20*** 0.49 109.35*** 36.24*** 34.71*** 0.49 
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Appendix Table 3: Short-run Granger Causality Results (F Statistic)         
Countries 
RGDPPC 
→ ECPC 
INVOL 
→ ECPC 
EVOL 
→ ECPC 
ECPC → 
RGDPPC 
INVOL→ 
RGDPPC 
EVOL→ 
RGDPPC 
ECPC → 
INVOL 
RGDPPC 
→INVOL 
EVOL→ 
INVOL 
ECPC→ 
ECVOL 
RGDPPC 
→ EVOL 
  
 
Albania 18.32*** 19.15*** 3.02 5.23* 7.48** 7.78** 0.19 28.18*** 5.95** 7.02** 13.77***  
Algeria 1.99 5.71** 12.97*** 1.64 18.42*** 4.74* 1.38 116.27*** 0.59 11.76*** 0.08  
Australia 0.47 0.64 0.09 0.47 0.59 0.78 0.002 4.29** 0.0007 0.28 1.84  
Austria 0.1 0.02 0.78 1.2 12.21*** 6.11** 1.15 382.67*** 8.16** 0.11 0.22  
Bangladesh 0.05 0.96 4.35 0.17 0.42 0.02 1.68 1.71 0.52 1.97 5.32*  
Belgium 6.03** 5.86** 0.15 0.98 1.72 1.06 0.39 5.41* 0.86 3.43 0.75  
Bolivia 10.85*** 5.81* 1.15 1.75 2.12 1.75 1.65 5.73* 1.86 1.17 0.24  
Brazil 0.01 3.25* 9.28*** 0.32 0.14 0.75 0.11 11.75*** 0.76 1.71 1.11  
Canada 9.29** 7.89** 3.27 16.87*** 13.77*** 3.57 7.25** 20.27*** 3.94 4.22 6.07*  
Chile 0.37 3.87* 1.63 0.85 16.75*** 12.17*** 0.86 29.36*** 0.61 0.06 2.09  
China 0.67 0.77 0.26 0.19 13.85*** 3.77 6.58** 3.78* 5.05** 36.06*** 0.06  
Colombia 0.36 4.48* 1.68 1.05 0.27 2.75 1.62 53.96*** 1.53 3.32 0.59  
Czech 1.86 0.77 0.53 0.93 7.68*** 7.68*** 1.85 6.79* 2.76 13.54*** 4.65  
Denmark 2.23 14.62*** 4.89 4.22 3.21 7.13 3.04 7.65* 3.09 2.03 1.19  
Eucador 6.95** 4.23* 6.91** 2.19 3.27 0.28 2.07 47.46*** 2.66 6.68** 8.14**  
Egypt 2.72 0.74 4.82 4.43 3.34 4.42 0.11 3.19 0.43 3.24 2.01  
Finland 1.98 0.26 7.73** 0.59 4.37 1.35 1.06 15.59*** 0.32 0.82 12.78***  
France 0.87 3.91** 0.05 4.73** 0.17 6.79*** 1.41 3.57* 0.06 0.33 0.001  
Gabon 8.12*** 10.88*** 0.24 5.04* 0.29 2.01 0.43 33.18*** 0.01 3.51 1.97  
Germany 11.11** 7.72* 29.11*** 4.09 5.03 4.09 4.96 4.13 4.25 7.12 1.05  
Hungary 7.85* 10.33** 5.22 17.04*** 4.59 13.46** 10.26* 5.52 12.05** 3.95 2.54  
India 5.31* 2.62 3.3 1.41 12.53*** 3.3 3.31 4.55* 2.41 2.08 9.09***  
Indonesia 7.73*** 7.61*** 0.28 1.65 3.38* 0.99 3.55** 164.05*** 7.32*** 3.03 0.47  
Iran 2.97* 3.11* 0.02 22.06*** 22.71*** 5.13** 0.51 55.22*** 0.22 7.69*** 2.45  
Italy 0.002 0.03 1.65 3.03* 0.01 3.74* 3.01* 24.15*** 0.51 1.68 2.54  
Japan 33.66*** 14.81*** 1.46 2.44 0.24 0.15 5.27* 2.26 8.27** 2.93 0.01  
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Appendix Table 3: Short-run Granger Causality Results (…continued) 
Countries 
RGDPPC 
→ ECPC 
INVOL 
→ ECPC 
EVOL 
→ ECPC 
ECPC → 
RGDPPC 
INVOL→ 
RGDPPC 
EVOL→ 
RGDPPC 
ECPC → 
INVOL 
RGDPPC 
→INVOL 
EVOL→ 
INVOL 
ECPC→ 
ECVOL 
RGDPPC 
→ EVOL 
  
 
Korea 3.18 8.15* 3.29 19.87*** 13.34** 14.26** 3.02 3.9 3.33 3.97 0.92  
Netherland 6.59** 4.97* 5.99** 3.91 3.02 0.77 0.27 5.84* 1.03 8.38** 1.63  
New Zealand 0.24 0.01 0.01 0.01 10.36*** 0.78 0.4 0.35 0.65 0.08 2.14  
Nigeria 0.41 7.26** 8.69*** 2.96 0.51 0.41 3.61 3.63 3.05 6.77* 9.16***  
Norway 0.12 1.48 1.56 2.29 0.05 5.34* 0.81 0.39 3.68 5.28* 1.49  
Pakistan 4.60* 0.59 0.16 4.54* 0.01 0.01 0.08 0.09 3.08* 0.21 3.67*  
Philippines 0.05 4.21** 0.66 6.10** 2.72* 0.11 2.22 1.15 0.13 0.76 0.54  
Portugul 11.52*** 6.99* 9.59** 9.65** 10.63** 12.15*** 1.33 9.72** 3.66 11.98*** 13.34***  
Safrica 2.64 10.14** 6.91 8.42* 1.87 2.27 2.05 0.38 8.37* 0.79 3.87  
Spain 11.88** 13.23** 2.47 8.61* 20.41*** 3.08 8.69* 19.87*** 4.03 6.27 3.55  
Srilanka 0.78 0.73 3.41 2.14 6.31** 2.29 0.01 5.41* 0.33 4.84* 0.34  
Sudan 3.48* 0.26 0.15 0.36 0.21 1.82 2.43 0.55 3.42* 3.78* 0.57  
Sweden 3.71* 0.37 2.12 0.95 0.19 0.02 0.02 0.22 0.95 0.08 2.41  
Syrian 4.89* 4.89* 4.93* 2.71 0.16 5.43* 0.72 70.84*** 4.92* 4.58* 4.91*  
Thailand 5.44* 1.18 2.82 1.41 1.52 3.95 5.44* 16.75*** 0.19 10.04*** 3.69  
Trinidad and Tobago 1.66 0.21 3.85** 0.02 1.19 0.17 0.36 62.80*** 0.38 0.64 0.65  
Turkey 1.49 0.91 2.91* 0.63 3.42* 0.22 9.21*** 13.52*** 0.49 35.43*** 0.99  
UAE 0.72 6.48* 10.41** 3.91 1.76 3.49 6.51* 95.00*** 1.51 2.91 3.72  
UK 0.71 3.79* 0.02 2.99* 3.01* 1.15 1.72 1.72 12.31*** 22.28*** 1.95  
USA 2.73 6.02* 6.42* 8.15** 3.62 1.31 2.46 4.31 0.29 1.49 10.45**  
Venenzula 11.43*** 3.73 2.46 19.97*** 3.75 21.35*** 1.83 13.11*** 4.68 2.32 3.79  
Vietnam 0.87 0.09 0.38 7.52** 31.26*** 2.48 0.18 229.89*** 0.49 13.67*** 7.66**  
Notes: *, ** and *** denotes significant at 10%,  5% and 1% respectively.  
 
